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SECTION 1

INTRODUCTION

In recent years the development of the technology for active control
of structural vibrations of Large Space Stucturegs (LSS) has been addressed
in the Active Control of Space Structures (ACOSS) program. Early in the
program a need for a common design model to allow evaluation and compar-
ison of the various approaches was identified. The first design model,
ACOSS Model 1, was developed in 1979, This structure, a simple ground at-
tached tetrahedron, provided a means of evaluating control designs but
lacked any real physical relationship with typical LSS. Because of the
desire for an evaluation model which had dimensions, materials, optical
system, and performance more closely related to actual structures, ACOSS
Model #2 was developed in May 1980. 1In order to meet the design goal of a
low-order structural model, many simplifying assumptions were made in the
modelling of the optical system mirrors and the supporting structure.

This was consistent with the desire to use the model to evaluate control
desigri methods without concern for detailed mechanical design of the com-
ponents, This model has provided a simple means of comparing and evaluat-
ing the control designs of the various ACOSS contractors. A complete de-
scription of the ‘model along with a set of disturbances is contained in
Reference 1. :

The Vibration Control of Space Structures (VCOSS) program is intend-
ed to study the application of ACOSS technology to an actual spacecraft
design. This includes specification of sensor and actuator hardware and
agsessment of the performance of the system including these components.
The system model will be based on ACOSS Model #2, but with modifications
to reduce the structural mass to the minimum required to maintain struc-
tural stability. This system will rely entirely upon the control system
for vibration suppression to meet the performance requirements. This will
be compared with another model which is also a modification of ACOSS
Model #2., This second design will be a strengthened version of Model #2,
The goal of this design is to meet the performance specifications by pas-
sive means: structural stiffening and passive damping. The structure
will be stiffened by increasing the sizes of the existing members in Model
#2 until the total system mass is equal to the maximum cargo capacity of
the shuttle into polar orbit, 15000 kg. No additional structural members
will be added so that the only difference between the two designs will be
the size of the members.

The first step in modifying ACOSS Model #2 to generate the two
models required for the VCOSS program was to reassess the basic assump-
tions which were used in the design. This is necessary because in order
to establish the hardware requirements of a vibration control system the
system model must accurately reflect the mechanical properties of an
actual system. In this structure the important properties are the inter-
action of the rigid mirrors with the flexible support and the interface

1
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between the equipment section and the optical support truss. In the
original design of ACOSS Model #2, the goal of minimizing the total number
of degrees-of-freedom in the system resulted in a simple method of includ-
ing the mirror mass effects. This approach did not include details of the
Xinematic connection of the mirrors to the structure or of the motion of
the mirror centroids. The modelling of the equipment section did not pro-
vide adequate space for the isolation system which will separate the two
bodies.

Section 2 describes an updated version of ACOSS Model #2. This up-
date reflects the need for a more detailed model which more closely re-
flects the behavior of an actual spacecraft and can be used as a basis for
the hardware implementation studies required in the VCOSS program. In
this updated design the original geometry and stiffness are retained as
much as possible. Changes were made to the structural model to include
the rigid body inertia properties of each mirror and a detailed kinematic
mount connecting it to the support structure. In addition, the model of
the equipment section was changed to include a more representative mass
distribution and to provide clearance for the isolation system hardware.

Using this updated design as a baseline, the two VCOSS models were
generated. Section 3 describes the minimum mass, strength-controlled de-
sign. In this model, the size of each structural member has been reduced
to the minimum allowed by constraints on local buckling, member natural
frequency and minimum wall thickness for the tube sections. The updated
finite element model and natural frequency tables are listed.

The stiffness-controlled design is described in Section 4. Each
structural member has been increased in order to uniformly increase the
stiffness of the structure. A limit of 15000 kg has been placed on the
total mass of the system to allow for placement into a polar orbit by the
shuttle. The updated finite element model and natural frequency tables
are given.

In order to avoid confusion between the original ACOSS Model #2 and
the three new versions of it which are described in this report, a system
of revision numbers has been established. This will provide a means of
easily identifying the existing versions as well as all those which may be
generated in the future.

Revision 0: The original ACOSS Model #2, first presented in May
1980,

Revision 1: Updated version of the original design which includes
more detailed mirror and equipment section modes. This
design is described in Section 2.

[ 5]
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Revision 3: The strength controlled, minimum mass design based on
Revigion 1, This is the VCOSS actively controlled de-
sign. Details of the model are presented in Section 3. 1

Revigsion 4: The stiffness controlled maximum mass design based on
Revision 1. This design is presented in Section 4.

Reference 1

RADC-TR~-80~377, Interim Report, Jan 1981, "ACOSS Six (Active Control
of Space Structures)
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SECTION 2

UPDATED STRUCTURAL DESIGN

2,1 Introduction

The baseline design for the two VCOSS models is the original ACOSS
Model #2 shown in Figure 2.1. This model was generated in May 1980 to
provide a simple, unclassified tool to evaluate the active control
philosophies proposed by a variety of sources. As the needs of the users
of the model have changed, the model has been changed to provide the
required fidelity. An updated ACOSS Model #2 is presented in this
section. Stiffness controlled and strength controlled versions of this
updated model will be described in following chapters. The design changes
which were incorporated into this update reflect the need to provide
better correlation between this simplified model and typical large space
structures.

The changes which were made to Model #2 are confined to two areas,
the details of the mirror support structures and the equipment section.
The metering truss, which separates the upper and lower mirrors, the solar
panels, and the isolation springs are unchanged from the original design.
The modifications to the structural design and the finite element model
are described in the following sections. The NASTRAN input data for this
model is listed in Appendix A. The finite element model for Revision 1 is
shown in Figure 2.2.

In order to facilitate these modifications and the structural modi-
fications in the VCOSS designs, the structural and non=-structural mass
have been uncoupled. In Revison 0, the structural mass was added to the
non=-structural mass and lumped at the mirror support points. In the new
model, the non-gstructural mass is lumped at the mirror centroids and
support points and the structural mass is lumped at all node points. The
structural mass will be computed automatically by NASTRAN using the length
and area of each member and the material density of 1720 kg/m3. The
structural and non-structural mass at each node point and the system mass
properties for Revision 1 are listed in Table 2.1.

2,2 Mirror Design Modifications

Modifications were made to the models of the mirrors in the systen
in order to reflect, in detail, the interaction between the rijid mnirrors
and the flexible optical support truss. In the original design, (Revision
0), in which the number of lumped masses was kept to a minimum, it was ag~
sumad that the masses o" each mirror and its supporting structure were
evenly distr’ 'uted to t' 31 support points without regard to the detail of
the connectis
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EQUIPMENT SECTION

e Artist's Conception

e Finite Element Model

ACOSS Model #2 (Revision 0)

5

acainonshiatiiite it . "

prote)

TN




ACOSS Model #2 (Revision 1)

Figure 2.2:

S




Table 2.'. Lumped mass distribution

! ;
| node structural non-struct. node structural non-struct.|
| mass (Xg) mass (Rg) mass (Xg) nass (Kg) |
| !
| 1 7.34 | 36 9.99 |
! 2 21.97 ] 37 12.17 |
| 3 34.03 | 38 12.17 |
! 4 20.8%6 | 39 9.99 |
| 5 21.97 | 40 26.85 !
| 6 33.83 ] 42 0.0 {
! 7 7.34 l 43 3.24 |
! 8 21.13 1 by 0.0 35¢00. |
] 9 25.4¢0 67.4 ! 45 3.24% |
| 10 21.5¢0 67.4 ] 46 0.0 ]
| 1 25.40 67.4 | 47 0.0 1
1 12 21.57 67.4 | 48 4.08 81.91 !
i 13 21.13 | 49 3.09 ]
] 14 16.59 { 50 8.09 163.82 {
| 15 21.48 ] 51 8.09 |
| 16 22.71 { 52 7.28 73.82 1
i 17 21.48 i 53 7.28 73.82 !
i 18 22.71 | 84 8.09 |
} 19 16.59 ! 55 8.09 163.82 {
| 26 17.53 } 56 3.09 !
! 27 23.00 69.5¢0 ( 57 4.05 81.91 ]
| 28 45.94 6.74 | %10 23.51 ]
l 29 17.25 69.50 ] 1001 1000.0 ]
| 30 51.7¢0 6.74 | 1002 800.0 |
| 31 17.53 ] 1003 1200.0 !
l 32 43.51 6.74 | 1004 600.0 }
] 33 47.09 6.74 ! 1112 23.64 {
{ 3y 18.41 69.50 ] 2330 62.76 |
| 35 14.83 69.50 | 3233 62.76 ]
1 {
t Totals 1023.3¢4 8313.66 !
| |

Total mass = 9337 kg

Center of Mass Location
x = 0.0 o]

Y =9.237 nm

-
-

§.933 m




The new mirror models assume that each surface is a planar rigid
body which is connected to the support structure by Xkinematic mounts.
This type of mount can only transmit rigid body motion between the support
structure and the mirror. Elastic motion of the support points relative
to each other will not cause any deformation of the mirror surface. The
finite element model has been changed so that the translational and rota-
tional inertia properties of each mirror are lumped at a node point at its
center of mass. This node is connected to the three support points of the
surface by rigid elements which are attached at the six degrees of freedom
required for the kinematic mount. The details of a kinematic mount are
shown in Figure 2.3, In the drawing, point A is supported in the x, Y,
and 2 directions, point B is supported in the y and z directions, and
point C is supported in the z direction.

Figure. 2.3: Typical kinematic mount

The new model of each mirror will be described in the following sections.
A summary of these models is given in Table 2.2,

2.2.1 Primary Mirror

The primary mirror is one of the two large mirrors at the top level
of the optical support truss. In the original design (Revision 0) masses
were lumped at nodes 34, 35, 28, and 30 to represent the structural and
non-structural mass associated with this surface. The motion of the mir-
ror was defined by a kinematic mount with point A at 34, point B at node
35, and point C located midway between nodes 28 and 30. The displacement
at point C was interpolated from the two nodal values. This kinematic
mount was not included in the finite element model but was used only in
the line-of-sight error model.

In the new design, two new node points are added to the finite ele-~
ment model. One, node 1001, is located at the center of mass. The sec-
ond, node 2830, lies midway between nodes 28 and 30 to provide the third




support point for the kinematic mount. The beam element connecting nodes
28 and 30 and containing node 2830 has been strengthened to support the
mass of the mirror. The stiffened beam is a tubular truss as shown in
Pigure 2.4. It is designed to prevent significant line-of-sight errors
due to bending at frequencies below 40 Hz. The center of mass is
connected to the support points by rigid elements which are constrained in
the six degrees of freedom required for the kinematic mount. The new
model of the primary mirror is shown in Figure 2.5,

2.2,2 Secondary Mirror

The motion of the secondary mirror was defined in Revision O by the
six degrees of freedom (three translations and three rotations) at node
40, The mass was lumped at the edge nodes of the lower support truss so
that the motion of the mirror plane was equal to the motion of node 40.
In the new model, the mass of the secondary will be lumped at its center
of mass, node 1002, which will be attached to the supporting structure by
a kinematic mount as shown in Figure 2.6. The structural design was
altered to include the additional support points for the secondary. The
finite element model was changed by adding the two support point nodes,
node 910 and node 1112, moving node 40, and including the members required
to brace the supports. Point A of the mount will be node 910, point B
will be node 1112, and point C will be node 40, Rigid bars provide the
connection between the mount degrees of freedom and the center of mass.

2.2.3 Tertiary Mirror

The changes in the model of the tertiary mirror are similar to those
made in the model of the primary. The center of mass is located at node
1003. It is kinematically mounted on the support truss by connections to
node 27 (point A), node 29 (point B), and node 3233 (point C). Node 3233
is located midway between nodes 32 and 33 on the stiffened beam connecting
them. The new configuration of the tertiary mirror model is shown in
Figure 2.5,

2.2.4 PFocal Plane

The only change made to the model of the focal plane consists of the
addition of the kinematic mount. The mass properties of the focal plane
are lumped at its center of mass, node 1004, Rigid bars connect it to the
three support points, node 11 (point A), node 9 (point B), and node 40
(point C), The new configuration is shown in Figure 2.6,

et
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Table 2.2, Modified Mirror Models

p’iﬂﬂ:!:
Mass = 1000 kg
2
I = 4083.33 kg-m
XX
2
I = 5333.33 kg-m
Yy
2
I = 9416.67 Kg-m
z2

Secondaxy:
Mass = 800 kg

I = 1666.67 kg-m
XX

I = 4266.67 kg-m
Yy

I = 5933.33 kg-m
22

Ig;:j.a:z:
Mass = 1200 kg
: 2
1 = 4900.00 kg-m
b 34
2
I 2 6400.00 kg-m

Yy
2

I = 11300.0 kg-m
22

Eocal Plane:
Mass = 600 Kg
2
I = 200.00 Kkg-m
XX
2
I = 800.00 kg-m
yy
2
I = 1000.00 kg~nm

~
-
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(T\ /:) Tube Preperties:

Radius = 0.1l m
t = 0.0022 m
Area = 0.00152 m?

Section Properties:

\j) 1= 0.00152 m?
:’ J = 0.00304 mt

Mass/L = 15,69 kg/m

Figure 2.4. Stiffened mirror support beam
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MOUNT ASSEMBLY

(<
100 N

-

PRINARY MIRROR

KINEMATIC MOUNT
SUPPORT RESTRAINTS

% s DOF X,Y,2
A = wor vz

¢ * DpoF 2

TERTIARY MIRROR

Figure 2.5, Modified primary and tertiary mirror models
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KINEMATIC MOUNT
SUPPORT RESTRAINTS

)ﬁ‘ = DOF X,Y.2 1
y = DOF Y,2

« = DOF2

e STRUCTURAL MEMBER
ememeae RIGID MEMBER OF KINEMATIC MOUNT ASSEMBLY

Figure 2.6. Modified secondary and focal plane mirror models

2.3 EQUIPMENT SECTION MODIFICATIONS

Changes were also made to the model of the equipment section. In
the original design the equipment section was modelled as a rigid plate
and located at the same point on the z-axis as the lower chord of the
optical support truss. The two sections were connected by springs as part
of the isolation system. While this configuration is mathematically
correct, in an actual system the springs will have a finite length. The
equipment section will now be modelled as a uniform rigid body, triangular
in shape and two meters in depth. The equipment section and the optical
support truss will be separated by thirty centimeters to allow room for
the isolation system. The new mass properties and location of the
equipment section are given in Figure 2.7.

2.4 LINE-OF~SIGHT-ERROR MODEL CHANGES

Due to changes in the models of the mirrors and their support
points, a few minor changes are necessary in the implementazion of the
line-of -sight error model for Revision 1 and all later versions. This

pr—




EQUIPMENT
SECTION

= EQUIPHMENT SECTION MODELLED AS RIGID BODY

Mass

3500 kg

2
20611.11 kg-m

10500, 00 kq-m2

28777.77 kg-n>

T——a_
-_____7#<‘
6n
SOLAR PANEL

Center of Mass (node 44)

x = 0.0m

y = =1.67m

z = =1,30m

Figure 2.7. Equipment section properties
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error model relates the rotation about the x and y axes and the defocus
of the line-of~sight to the displacements of the mirror support point
nodes in the finite element model. Full details about the theory and
implementation of the error model are given in CSDL Report C-5437. The
changes in the updated version are due to the addition of the nodes 2820
and 3233 in the kinematic mount models for the primary and tertiary mir-
rors and the addition of the kinematic mount for the support of the
secondary. The updated equations relating LOS errors to node point
displacements are:

LOSX =

(.0186)'134 - (.1429)234 - (.0186)Y3S - (.‘429)235

+ (.2857)22830+ (.0807)‘!27 - (.3549)227 + (.0807)‘!29

- (.3549)229 + (.7098)2 {3.4842)8X - (.0621)Y11

32337 1002

- (.0621)‘19

LOSY = - (.0371))(34 - (.0464)\’34 - (.2500)234 + (.0464)‘134

+ (.2500)235 + (.1613))(27 - (.0605)Y27 - (.6211)227

+ (.0605)‘1’29 + (.6211)229 + (3.4842)@1005 (.1242)1(11
- (.0776)Y” + (.()776)Y9

DEFOCUS = -~ (.0191)234 - (019 )235 + (.1274)2330
+ (.7780)'2.27 + (.7780)229 - (.4668)'..’.:.‘233 - (2'000)240

- (.1785)2 (.SOOO)Z9 + (.5000)2H

1002%

14

ey
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Since this model is a linear function of the nodal displacements it
is included as a set of constraint equations in the NASTRAN finite element
model. The three line-of-sight components are assigned to an added node
which is not part of the structural model. In all revisions of ACOSS
Model #2 the line-of-sight errors are included at node 100 so that:

node 100 dof 1 = losx
node 100 dof 2 = losy

node 100 dof 3 = defocus

2.5 ANALYSIS

A normal modes analysis of the finite element model containing all
of the changes, Revision 1, was performed using the MSC/NASTRAN finite
element program. The resulting frequencies are shown in Table 2.3. Also
listed in the table are the components of the line-of-sight errors for
each mode, node 100. These are based on modes which have been normalized
to a unit generalized mass.




Table 2.3.

ACOSS Model #2:

NODE  FREQ(NZ) LoSxX LosY DEFOCUS
; =
‘ 1 e.0 -.B872E-16 -.31538~09 -.6815E-16
2 0.0 -.1002¢€-08 -.1652€-13 -,18548-1%
3 8.0 ~.1598E-07 -.9235€-08 «.1712€-08
3 0.0 0.714AE-03 -.7004E-08 0.1018€-08
s 0.8 0.1445E-06 ~.8A77€-03 0.6228E-11
[ 9.0 0.1259€-07 «.636GE~-00 0.2997€-12
? 0.148 0.2944E-07 -.J398E-03  0.4901E-06
8 0.282 0.1019€-0%  0.1A05E-03  0.2703-04
9 0.319 -.29948-04  ~.2650E-06 0.3597E-08
10 0.33% -.23108¢-0) 0.6458E-09 -.1997¢-08
11 0,468 -.3502€-05 -.7817€-06 0.1190€-04
12 9.583 0.8321€-03 0.6739€-06 0.21988-04
13 0.601 0.2635€E-05 ~.72608-03 0.6251£-05
14 0.673 ~.4559€-06 0.8519€-06 -.9388¢-05
15 0.940 0.3227€-0% 0.1137€-03 0.1875¢-05
16 1.092 -.6245E8-06 0.2142E-03  0.7325E-06
17 1.839 -.1215€-06 ~.1146€-06 -,2834E-05
18 1.866 0.13461E-08 -.2285€-06 0.2619€-05
19 1.889 0.1181€-13 0.5645E-18 0.391E-17
20 1.990 -,1221E-04 -.5338E-~06 0.2071E-0S
2 2.060 0.57028-05 0.3210€-03 0.3580€-05
22 2.482 -.3870E-04 -.2272¢-02 -.2578E-06
23 2,472 0.3831E-04 0.3097€-02 0.3108€-04
26 3.262 0.3480E-05  -.1982€-01 -.1460€-03
28 $.162 ~.12998-13  -.4795€-18 -.S870€-18
26 3.170 0.21298-08  0,2360£-07  ~.6659€-07
t 44 7.8?7 -.8428E-13 0,36156-15  -.2031E-17
28 7.918 -.0648€-03 -.4719¢-07 -.2121€-0%
20 8.772 -.31428-02 =.8166E-05 -.2629€-02
30 8.776 0.20618-01 0.53467E-06 0,1728€E-01
n 8.838 -.1379€-03 -.2637E-06 -.1199€-03
32 8,980 -.12854€-0% 0.6521£-05 ~.1074E-0S
33 9.620 0.1002E-06 0.3876E-06 0.7746E-06
34 10,398 0.2006E-06  -.66078-02 0.7576€-03
3s 11.673 -.1882€-02 0.7234E-03 0,264248-01
36 12.266 -.1564€-03 0.6938E-03 0.1362€-02
37 13.387 =.1267E-01 0.2097¢-02 -.6898€-01
38 13.616 0.3277€-02 0.1034€-01 0.12208-01
39 1.7 0.2091£-01 0.1710€-03 0.1023E-01
a0 16.41%2 0.1a61€-02 ~.1737€-01 -.8131¢-0)
L3 20.832 0.6767¢-03 0.4A%0€-02 -.20820€-02
«2 21.79 -.2018€-01 0.2300E-02 -.2076E-0)
w3 21.868 0.126098-08  -.9632€-07 0.5591E-06
“h 21.849 0.26478€-04¢ -.25632-03 0.3027€-04
L1 21.849 -.2202¢-08 -.1995¢-05 -, 23688E-08
% 21.880 0.2317€-08 0.4840€-08 0.259E&-0%
(34 23.7%% -.1275€-02 «.3967€-01 ~.1180€-91
LY} 24.472 0.3467€-02 0.4696E-02 -.§944E-0]
%9 24.%1 -.1082¢E-01 «.12918-01 0.72312-01
50 25.87% 0.3684€-02 -.41088-01 -.22641€-01
s1 26.489 0.4406E~-12 0.6621E-11 0.910%¢-11
$2 27.978 0.8897€-02  0.4952€-02 - 3277¢€-02
s3 29.348 0.4164E-05 ~.1570€-06 - .4A34E-DS
Sa 29.670 0.2779¢-02 ~.8637€-02 -.1765€-02
58 31.989 -.6839¢-01 -.23928-02 -.2078€-0)
84 32.83% 0.1e12¢-01 =.12612-01 0.3278¢-01
8?7 33.324 -.72048-06 0.53228-04 9.7396¢L-0¢
58 33.32¢ -.4767€-0% 0.1225€-08 -.3514¢-08
se 33.331 ~.61818-06 0.2993E-03 0.2355€-08
(1} 33.3% 0.76968-07 -.2088¢£-08 -.5930€-06
ol 33.758 0.5%599€-02 «.1903€-01 -.2965¢€-01
62 34.601 0.1051E-01 0.68208€-02 -.4371E-01
(3] 38, Tae ~-.23832-02 ~.6005€-02 .. 8606E-02
(1} 61.133 0.1750€-01 ~.4167°€-02 0.88597£-0¢
43 41,726 -.70808-02  +.4430B-00 - 494)E-02
(13 43.808 0.2279¢-01 0.1176E-02 0.19%08-01
[ 34 46.039 -.6690¢-03 0.17408-02 -.3%81t-03
(1} 46.774 0.36182-02 0.113%¢-01 0.2937¢-03
(1] 82.189 -.2345€-02 0.2030€-02 0.2402€-01
70 53.578 . 4079E-02 ~.1187€-01 -.3937¢-02
71 55.037 «.2a81€-02 ~. Gu85E-02 0.9010L-03
72 87.44% -.1831¢E-03 ~.2345E-02 0.15%9¢-.03
73 80,017 0.54498-02 ~.8519€-02 0.11688-01
76 61.499 0.2383¢-02 0.37652€-02 0.27558.02
7 43.198 0.3177€-02 ~.w23ak-02 0.1428¢2.02
R 43.198 -.17588-03 ~ 314AR-02 f§.24%E.02
?? 70.71% -, 4470€-02 0.RO2TE-OS - w785F-02
8 T2.554 ~.6000€-03 0.2168€-02 -.13%82.02
oy ik m I -_;.“.‘.; ol

Revision 1

NODE  FPEQINZ?Y Lo LosY DEFOCUS
I‘UISI'II!ISIII'I’llt!llll!'!!l’lll!'lil!!t'lll!l!!=" s
79 72.850 - . J813E-02 0.2153€E-0¢ -.11%3E-71
a0 73.513 0.5732€-13 -.5121€-14 - . 6889¢-1)
[ 2} 73.8%0 0.3987¢-07 0.3572€-07 0.9469€-07
(1] 764.293 0.428%0-03  0.82872-03  0.5404E€-02
83 77.77% 0.1032¢8-02 0.4277€-02 ~.5006€-02
(1] 79.39¢ -.22658-02 =.171%E-02 -.8346€-02
as 86,283 0.4545E-02 0.1570€-02 0.40%0€-02
[0 87.808 -.6527€-0% 0.1018E8-02 -.1919€-02
[ )4 97.%49 0.22158-02 -.1658€-02 0.7888¢8-02
(L] 99.172 0.3870E-02  -.8096€-03 0.1385€-02
89 104.967 ~.7456E-02 0.2124€-02 -.77772-03
90  106.887 0.7992£-02 0.1626€-02 0.1301¢-01
91 107.630 0.1531€-02  -.13538-02 ~.173«¢E-02
92 112.129 0.976SE-03  0,3154€-03 0.8478€-02
3 116.24S 0.8932E-03  0.2148E-02 -.3439E-02
% 116.871 -.8217€-164  -.)1036E-1G  0.884sE-16
9% 115.621 0.1090E-02 ~.2416€-03 ~.1560€-02
% 116.412 0.1080€-06  -.4333E-07 0.60¢0E-07
97 119.099 -.6016€-06 0.4370€-03 0.9195€-06
9% 122.151 0.1554€-02 0.1645E-N2 0.1S07€-02
9 123.842 0.177S€E-02 -.8466E-03 ~.5010€-02
100 127.143 «.1758€-00  0.4454€-02 - .«293E-02
101 129.399 ~.3707€-02 0.11668-02 - 779E-02
102 136.39 -.1356€-03 0.2072E€-02 0.5545€-02
103 136.446 0.29378-02 0.19208-02 0.2138¢-03
106 140.53% =, 1947€-02 -.8602¢-06 0. 3327E€-02
108 141.4647 -.32338-03  0.29928-02 0.7711¢-04
106 164.816 0.43106-03 - .1334E-02 0.5262¢-02
107 144.063 -.7033E-03 - .4956€-02 -.3020€-02
108 147,833 0.3621€-03  0.17S2€-02 - .2428€-02
109 184.900 0.1084E-02  0.4461E-03 - 4778£-02
110 186.02¢ -.2166E-03 0.160SE-02 0. 1S1<E-02
111 158.634 -.1100€-02 -.1000£-02 -.2531€-02
112 18¢.792 ~.3527€-02 0.8519F-03 -.8458¢-02
113 163.2% -.%617¢-03 0.1130¢-03 -.1703€-02
114 163.678 0.1831E-03  ~.117E-02  0.94J0€-0¢
118 169.526 ~.5951£-03 -.3701£-03 0.1387¢-03
116 173.1e0 ~.5497¢-03  0.1010€-02 0. 1909¢-02
117 177.703 =.291€-06 - 3001E-03 0.1400E-02
118 178.98¢ -.6780E-03  0.3023€-03 0.).u3E-02
119 183,453 0.0591€-03 -.1740€-03 0.1299€-02
120 183.708 -.0814E-06 0.28131E-03 0.137SE-02
121 185.87 0.9748€-03 - .9084E-03 - .40318-02
122 167.13 0.26076€-02 0.3247€-03 0.12248-01
123 197,901 ~.8149¢-0) 0.64895¢8-03 0.2083¢-02
126 208.908 0.1183€-02  -.6374£-03 0.117%¢€-01
128 207.733 0.296SE-03  0.1649SE-02 ©0.3373€-02
12¢  21e.931 0.6214E-02 - .0000E-02 - $96E-02
127 218.240 0.267S€-02  0.5615E-03  0.1469€-0
128 219.042 =.7066E-03  0.5531E-03 - 1840£-92
129 200.762 -.2509€-02 ~.J67SE-02 - 1032€-02
130 227.008 0.1002E-92 0.135%€-03 9.1627E-02
131 231.0¢6 0.7337E-08 - .2YSRE-03 - 17T1E-02
132 234869 0.39408-02 0.1031€-02 ~.881E-00
133 241.078 0.98J1€-03  0.653«E-03 0.7071¢-0)
136 244,629 -.4465€-06 - 2672E-02  -.1896€-00
135 249,454 0.7256E-06  0.29368-03 -, 966)E-02
136 288.5S%2 «.4618E-02 - .G}209E-06 -~ 7SO7E-02
137 266.619 .. 4046E-04 0.26489%¢-02 «.2898C-06
138 275.833 0.1692E-03  0.2223F-02 - . &770C-03
13¢  278.9%) =.1535€-02  -.19338-03 0.e197¢-02
140 287.187 0.2177€-02 0.7193£-03 =.1909€-02
164] 289,842 =.16469€-03  0.1130€-02 - :800€-03
142 292,94 0.8417€-05  -.8%538E-06 0.819)¢-0¢
143 218.738 =.l699€-03  0.430«E-08 0.1281€-02
144 300.42¢ -.48808-0) -.8453E-04 0.84422-93
168 306.112 -, 7869¢-0% «.20958-04 0.7057%-06
146 328.358 9.93180¢-08 0.23%€-03 0.8419¢-04
147 387.073 -, 23%8F-1) 0.6374E-18 0.2271¢e-1)
148 387 074 0.6001E-12  0.700GE-11 - «0n3E-)?
1490 39] 497 -.1993€-13  0.57I3€C-15  0.19%1F-13
180 39].408 - 46 7SE-12 - TROIE-11 0. e7YO€-12
181 ol8.0n8 0.387¢€-06 0. %04«E-0% 0. °270F-Ca
152 28,98y «.16l6€-06  0.10°GE-06 - J127€.0a
183 «99 804 0.1122¢-0e - 49§3¢.9% 0 Jelef.ng
1%« “3% . 333 - 1847E-08 -.1%9%¢-08 - Sanlg.n”
FEL IR AR RN LR - 100 0 NE-06 L RA LY L
184 T3TeR 487 9.3290€-91 - 3= - NN




SECTION 3

STRENGTH CONTROLLED DESIGN

3.1 Introduction

The strength controlled design (Revision 3) was created by resizing
the structural members in the updated ACOSS Model #2 (Revision 1) to meet
the minimum requirements for local stability and frequency. The
non-structural mass due to the mirrors and solar panels, which represents
90% of the total system mass in revision 1, is unchanged in this design.
Because of this, even though the structural mass was reduced by 50% the
total mass was reduced by only 373 kg to 8963 kg. This results in a very
flexible structure with very low natural frequencies.

individual elements in the structure due to buckling or excessive dynamic
interaction due to low member natural frequency. The local buckling load,
Por: is directly related to the slenderness (l/r) of each beam by the
formula:

The design constraints were established to prevent local failure of &

TIZEA ;
Pcr = —1——2 i
(K » =)
r

since the element forces are expected to be small, a slenderness limit of
1l/r = 400 was used, and K equals .7 to account for end fixity. Using this
equation, the minimum buckling load in the structure is 1060N. The
natural frequency of each member was constrained to be greater than 10 Hz
to prevent significant interaction between system vibratons and local
vibrations. Finally, the wall thickness of the tubes was constrained to
be a minimum of .03 cm. The NASTRAN input deck is listed in Appendix B.
The tubular truss elements used to support the primary and tertiary
mirrors were not changed. Reducing the size of these elements would have
resulted in an unsound structure design due to the very low frequency
local vibrations of these mirrors. These local effects would not be
present in actual systems and would yield misleading results for this test
model. The mass properties of this design are listed in Table 3.1,
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3.2 Analysis

A normal modes analysis of the finite element model containing all
of the changes, Revision 3, was performed using the MSC/NASTRAN finite
element program. The resulting frequencies are shown in Table 3.2 along
with the LOS errors for each mode. These LOS errors are based on a unit
amplitude for each mode assuming they have been normalized to a unit

generalized mass.

vy >y Ty Dy

Bt



Table 3.1. Lumped mass distribution

il 1 !
| | '
| node structural non-struct. node structural neon-struc<t.!

| mass (Kg) mass (kg) mass (kg) mass (kg) |

{ j

| 1 .80 | 36 2.68 i

| 2 5.37 | 37 4.4 | '
| 3 10.72 ! 38 4.4 ! E
i Y 7.35 | 39 2.68 | 3
] 5 5.37 ] 40 9.48 ] 3
! 6 10.67 | 42 0.0 | ‘;
] 7 .80 | 43 2.10 | ‘
] 8 7.59 | yy 0.0 3500. ! f
{ 9 1412 67.4 ] 45 2.10 { ‘
! 10 8.70 67.4 I 46 0.0 | !
l 1" 14.12 67.4 | u? 0.0 1 i
[o12 8.72  67.4 l 48 2.62 81.91 | !
] 13 7.59 ] 49 5.25 | i
) 14 12.12 | 50 5.25 163.82 | :
] 15 17.25% 1 51 5.25 | ‘
! 16 25.78 | 52 4,73 73.82 ] !
] 17 17.25 I 53 4.73 73.82 ]

! 18 25.78 | 54 5.25 {

1 19 12.12 | 55 5.25 163.82 |

| 26 10.78 | 56 5.25 i

\ 27 15.50 69.50 | 57 2.62 81.91 |

| 28 38.49 6.74 i 910 3.587 i

| 29 10.80 69.50 | 1001 1000.0 i

| 30 43.19 6.74 { 1002 800.0 |

] 31 10.78 J 1003 1200.0 ]

| 32 39.20 6.74 { 1004 600.0 !

| 33 42,17 6,74 i 1112 3.60 |

| 34 11.51 69.50 i 2830 62.76 |

{ 35 8.54 69.50 ! 3233 62.76 |

{ -

| Totals 649.97 8313.66 |

f ]

L ]

Total mass = 8963 kg

Canter of Mass Location

X = 0.0 m
"
y = =0.240 n -
Z = 5,921 n
1
19
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Table 3.2. ACOSS Model #2: Revision 3

NOBE  FREQ(ND) Losx Losy oErocus NODE  FPEQIMZ} Losx LosY 0EFOCLY
TP I T IIT E TAI T ITTII YR I T I I TSI E R IR I I IS TII ST 2T I I I IS XIS IR R E RIS TITILSI I RS LIS ILIOSEQETLESI S 222y
1 9.0 0.1637E-18 ~.31177€-09 ~.1029€-1¢ 79 «9 697 - 197.€-02 .. «144€-92 - 3813t-0¢
H 9.0 -.1023€-08 0.2809€-16  -.79%E-1S a0 $a.67t - 831%€E-03 0.6097€-02 - 38450£-12
3 0.0 -.2154E-13  -.2378¢-la -.1731E-08 o1 54.488 0.1632€-02  -.179%€-07 0.7R90E-02
° 9.0 0.93%06E-03  -.7743F-1¢  0.10«5E-08 82 5% S%8 - . 1688E-03 -~ GaleE-02 .. 3eisE-22
s 9.0 0.1306£-06 -.9047€-03  O.1453E-12 83 59.887 -.109%€-16 - .6386E-17 - .l«2ME-17
[ 0.0 0.1009€-07  -.6662E-00  0.1103E-13 8a 60.129 -, 6912€-07  -.S00YE-07 - 172SE-0¢
7 0.11e -.1513€-06 §.l207€-03  -.3612€-05 (1} 61.339 - 1397€-02 -.l963E-02 -.21¢TE-0e
[} ¢.167 -.4974£-0%  -.2338€-06 0.3185€-0% 86 63.528 -.1642€-02 ~-.9710€-03 - .19e2€-01
. 0.1%50 -.1678E-03 - 9JALE-09 - .8I32E-06 87 66.270 0.2112E-06  0.619E-03  0.3220E-02
10 e.17 ~.1374€-0% -, 1204€-03  0.1901€-0% a8 67.163 -.54226-02 0.6091E-0% - 3525€-01
1 0.45% - 1067E-0G6  «.6797€-05 0.8500€-04 89 69.678 0.2391€-03 -~ 7217€-03  0.887CE-03
12 e.557 0.2471€-05  0.7643E-03  0.1431E-04 L1} 70.876 0.558«E-02  -.3206€-03 0.1061€-01
13 0.59% -.88386-03 0.90G47€-08 - 6065€-04 91 72.243 - 2008E-02 0.9027E-03 - o7ueE-02
le 0.615 ~.629%€-05  -.8S41E-03  0.3427E-0S 2 74.938 0.8397€-03  -.2156E-02 0.1009€-02
15 0.636 -.2323€-03  0.2751E-08  -.6674E-0¢ o3 76. 704 - 1376€-01  0.6236€-05 0 JeQE-02
16 6.6u2 0.83636-05 -.TA26E-04  -.1254€-04 % 79.758 -.22226-03  0.201%€-03 0 300.€.03
17 0.81% -.3501£-06  -.1306E-05 0.7612E-0% 9 86.5%6 0.85%8E-02 0.838%E-Qe  -.1189€-91
18 9.814 - 1054F-03  0.6144E-06 -.2771E-06 o 9%.263 0.2195€-17  0.1431E-17 - 15%E-17
19 0.423 -, 2942E-13  -.9640€-16  -.1624E-15 [} 98,378 «,4aa7E-02 0.22538-07 0 $679E-02
20 0.916 -.3398€-046  -.3563E-05 0.3586E-9¢4 % 9% .48 0.8449€-05 - 149%E-0% - 6926€-38
21 8.972 ~.1067E-04  -.4a72E-03  0.1345E-04 99 9 .093 0.3026€-02 0.4132FE-32 - 3511E-02
H 1.159 -.2313E-06  -.2838€-02 ~.0502E-0¢ 100 99.3:8 0.6622€-02  -.3595E-03 - 58ueE-02
23 1.551 0.2201E-06 0.2013E-01  0.2520€-03 101 102.489 ~.3311E-03  -.2378E-02 0.1086€-02
26 1.773 0.4702E-06  0.8534E-03 -.1162€-03 102 102.708 -.10708-02 0.1379€.02 0 le15€-02
s 2.250 -.3012€-12  -.3082£-18  -.3790E-16 103 108.848 0.9147€-08  0.2239€-02 0.11w5t-0)
26 2.256 0.3360€-05 0.610AE-07 - 3127E-08 106 109.698 0.48045E-02 0.2432€-06 - 167SE-02
27 3.6%4 -.0886€-12 0.3377€-1¢  0.l840€-17 108 111.198 - 1067€-06¢  0.3881E-03 - 2690E-02
28 3.482 -.5544€-08  -.2212€-06 0.5171E-0% 106 112.07¢ 0.2379E-0% -.1711€-02 - .82958-03
29 3.9%7 -.7I56E-05  -.1306E-06 - .l6wsE-04 107 116.976 0.96636-03  0.1523€-83 - 1346E-03
30 3.987 6.2073E-05  0.43056-06 -.2214€-04 108 117.639 0.48186-03 0.1083E-02 0. 3%€-03
3 4.052 0.8105¢-06 «.3969E-04  0.2638E-06 199 118.19% 0.15538-0% 0. «)7eE-03% -.2827€-82
32 4.338 0.1864E-06 ~.1349€-03 -.29%E-086 110 119.91§ -.26108-02 - . 3872E-03 - 5230£-02
33 6.563 -.21028-01  -.56226-06 - 6066E-01 111 130.998 0.8276E-02  -.8547E-03 0 7395E-02
36 8.0s8 0.1188€-02  6.1300€-01 -.6518€-02 112 131.127 -.1973E-02  0.1581€-03 - 3I7SE-C1
3 8.483 0.1993€-02 0.1631€-02 0.5918€-01 113 132.091 -.TISAE-04 - . 1S83E-02 - I159%E-0)
36 8.854 -.2209€-03  -.9022E-03  0.1289E-01 116 135.631 0.2330€-02 - .3Jw08€-03 - 5432E-0Q
37 s.010 -.1421E-01  0.2631E-02  0.26)35E-01 115 1ye.91l 0.1016€-02 -.3292E-02 0.1878€-03
18 10. 340 0.1817€-02 ©0.179E-01 -.5568€-92 116 140.1% -.10408-02 - 20%9E-02 0.)}SCIE-02
39 10.523 0.141SE-02  0.8693E-02 0.l0463E-03 117 160.954 0.6685E-0% 0.6S29E-03 0. .161SE-01
40 11.5%a 0.16308-01  -.461SE-01  0.1336E-01 118 142.382 0.65456-03  -.1S22€-92 - .5AS4E-02
a1 11.681 0.9554E-06 -.4423E-08  0.21678-04 11e  143.436 -.83656-06 0 1808E-02  -.l002t-02
2 11.652 -.6264E-08  -.4099E-08 - .5650E-0S 120 166,837 0.1574E-02 -.9695E-03 0.7IZTE-02
(3} 11.6852 0.2878E-04  -.3229€-04  0.2348E-04 121 1%4.064 0.2135€-03  -.5861€-03 -.2530€-02
4s 11.441 ~.19Q9E-06  Q.857AVE-06 - .)leef-06 122 157.827 -.5366E-03  -.87G3E-03 0 769IE-0)
as 11.841 0.279SE-01  0.3078€-01  0.2069€-01 123 160.629 ~.2681E-03  -.858SE-03 0.1710€-02
s 13,097 -.2979E-01  0.7018£-02  -.1897E-01 1260 164.823 0.2037€-02  -.2806£-02  ~.l010E-D2
L34 16,106 -.39226-01  0.1879E-02  -.5539€-0] 128 165.339 0.1553€-02 -.7S30€-03  -.3562€-00
«8 15.030 0.4588E-02 0.23534E-01 0.6388E-62 126 189.179 0.1567E-02  -.2314E-02  ~.594sE-01
49 14. 76l 0.2155€-02 0.8378€-03  -.5170%t-91 127 169.816 9.17336-02  -.1404E-02 -~ 1eAsE-OC
L 1] 17.322 -.1753E-02  0.%30SE-02 - 2067E-02 128 173.948 0.3064E-03 0.8902€-93 - IS40€-02
s1 17.513 0.1302£-01  -.1624E-03  0.9531£-02 129 183.6wl «<.53486-03 0.6362£-03  ~. 178uE-02
s2 17.787 -.9940€-06 -, 3020€-06 0.{237E-0% 15¢  183.°23 0.6728E-03  0.1536E-02  0.139.E-0)
53 17.768 ~.6065E-06 0.4774E-08 «.8795E 07 $8 1Y 1688.640 0. I352E-03 - «DBbE.20 9. 339AE -0
S4 17.749 = 1367€-0% -.4300€-06 -.4130E-0% 132 193.180 -.1607€-02 0.2262€-0% 0.133%£-02
ss 17.777 -.8809¢-06 -.4628€-05 -.2645E-3¢ 133 107.032 0.7819€-03  -.6222€-03  -.217TE-2
S6 .17 9.4011E-01  0.39626-03 -, 3428E-01 136 200.285 0.1908E-02 0.7554€-03 - 3uwuwsg-02
3?7 21.681 0.29158-1%  -.8912€-15  -.3480E-1% 138 206.248 6.1327€-02 0.1739€-02  -.2°01E-02
58 22.188 -.7403E-06  -.26400€-01 0.41%9€-02 136 210.842 -, 2314E-03  -.7780E-0% - 18C9€-03
se 23,091 0.17588-01  -.3848E-02 -.6371E-01 137 1118 0.730PE-04  ~-.6534E-03 - .1387E-Q%
[Y) 23.%a 0.7349€-0¢  0.1162E-06  -.25628-0% 1386 213.2% ..0630€-03 ~.20138-03 0.1339€-02
[1] 24.559 0.38538-03 0.6230E-02 0.28523£-02 139 232.302 0.1593E-02 0.1774E-02  -.271¢E-02
62 26540 0.]0S0E-01 0.AZ07E-04 =, 2234€-01 160 236.788 - TTITE-QY -.821St.0% ¢ .1101€-02
3 %.47% 0.67M22.02 0.119€-01 -.7809€-0% lal 237.31 0.113%-03 «.u270€-0@ - 1005€-22
46 25.110 0.1497¢-01 -, 6879€-03 0.85768-02 162 60 5% -.8A22€-Q3 -.23878-03 0.1288-02
1] 26.788 0.29878-01L  0.5931£-02 0.2s878-01 14y 2W1.88Y ~.173%€-42  0.2351€-0a¢ - )10%€-02
% 28011 0.2495€-01  -.1081€-d1  0.3053€-01 lee  272.788 -.8087€-08 - 3J67E-Qa  -.1090E-04
[ Y4 29.018 0.19%0€-02 ., 954E-02 9. 1108E-0Y 148 273 AT 0.5170€-03 -.6068€-0% 0.886-€-23
8 32.378 - 3842E-02 -.1507E-01  0.4830E-02 16 291.365 4.8¢17€-05  0.2012£.03  0.5%%4E-0%
(Y4 53.112 .. ANA0F-08 -.22018-02 0.2%212-0) 147 316.31% 0.4732E-05  0.6660E.06  -.11°2£-0%
79 33.842 9.4071E-03 9. 7511€-02 0.2135€-01 168 319 9% -.1155€-0% 0.:5:32-0« o.los~s-e§
n 38.370 ~.108ar-02 0. 7352€-02 0.3469E-02 19 388, 3% 0.3084E-17 9.17SLE-14 0. 35ueE-17
72 34,890 -, 6006E-02 D.8neE-03 0.9%167E-02 150 385.3% 0.292008-12 0.16R0E-11 o.ill‘-(-la
73 39 439 0.5¢92E-02 0.30?0€-02 <.1971€-01 151 387.94s 0.3738E-05 0.«0T3E-05 - 1921E-0e
b «0.1%0 0.4103E-0Y 0.1727€-02 - 189%¢-0Q 152 387.9%% -.2209€-05  0.4991E-05 0
8 «0.433 9. 4347C-03  -.3574E-02  ~ . S3TAE.02 153 1288.299 - SRE-17 - elelE-l? -
? LT 0.«Y7AE-03 -, 29T2€-02 Q.1145E-02 15+ 388.2%1 . 6a€-12 - 1eAZE-11 -
k24 . j1h 9.7S57€-17 0 1$4A4€-07 -~ LOLJE-9L 155 503.2s7 0. 11s7E-05  0.1513E-35 9
78 «8. 261 .. ubGAE-02 0.12546-02 0.1087F-01 155 503.4%% 3.L2M2€-08 - alle€-2§ -
22
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SECTION 4
STIFFNESS CONTROLLED DESIGN

4.1 Introduction

The stiffness controlled structural design (Revision 4) is one
component of the passively controlled system. In theory, the penalty paid
for the increased mass of the stiffened system will be offset by a
lighter, less complex passive control systeme. This will be true if the
effect of the disturbances is reduced significantly by local stiffening or
increasing the natural frequencies of the system.

The design of a stiffened structure can be approached in a number of
ways depending on the desired results. The simplest approach is to use a
trial and error method based on engineering judgement to increase member
sizes and natural frequencies. At the other end of the spectrum are
optimization techniques in which a performance index, which is a function
of structural parameters, is optimized subject to constraints on the
variables. The computation requirements for this type of approach can be
extensive. The approach which was used to generate this model falls
between these two extremes.

The objective of the redesign of this system is to improve the
performace by reducing the effects of the disturbances. This is
complicated by the fact that most of the elastic modes, except for :hose
of the solar panels, will be excited by the disturbances and causg %
errors. Normal improvement approaches employing frequency separaricn
between the disturbances and the structural modes will not be effective
because of the high bandwidth of these forces. It will be impossible to
add sufficient stiffness to raise the low frequency bending modes above 15
Hz. The maximum achievable frequency of these modes may be well below
this point. Based on the considerations, the goal of this redesign will
be to raise all frequencies of the optical support truss as much as
possible and to raise the solar panel modes out of the bandwidth of the
isolator modes.

Starting with the baseline design (Revision 1) a maximum mass model
was generated by increasing the size of all members to the maximum
permitted by the constraints.

Radius/thickness = 50
Length/radius- = 40

Maximum thickness = 1,0 cm

e rm e




The maximum allowable area based on these constraints is the minimum of:

AMAX1 = 2T . L/40 - L/g0 - 1/50 = 7.854 x 107° L2

AMAX2 = 2l . L/49 - .01 = 1.5708 x 1073 L

AMAX1 controls for all members in this model since it has the minimum
value for elements with length less than twenty meters. The structural
mass required for the maximum mass design is

Mass = ZAiLip

This must be scaled to meet the structural mass constraint of 6686 kg and
total constraint of 15000 kg. All areas will be scaled uniformlg to meet
these constraints. Since the member areas are proportional to L®, the
stiffness matrix in both the axial and bending directions is proportional
to the length L. If there is a wide range of lengths in the model, the
shorter elements may not have sufficient strength. An analysis of this
design showed significant strain energy in the short elements of the lower
optical support truss. This was corrected by modifying the mass scale
factor to account for the inverse of the length. This will result in
areas which are proportional to the length and axial stiffness which is
independent of length and equal for all elements. Analysis results using
these modified section properties showed a significant improvement in
frequency and a better distribution of strain energy.

To raise the frequencies of the solar panels abowve 1 Hz, and avoid
overly large sections, the solar panel support booms were redesigned as a
truss. The design, shown in Figure 4.1, is modelled by an equivalent beam
in the finite element model.

‘ Y
C‘\’ f:) 7 Tube Properties:

Radius = 0.05 m
t=(.00lm
rea = 0.000314 m°

Section Properties:

Area = ¢ A:ube = 0,901257 m
\:) I =0.000514 ot
2 4

J = 0.000628 m
Mass/L = 3,82 k3,/m

2

Figqure 4.1. Solar panel support boom design
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The section properties of the members in this design are listed in
Appendix C. The structural and non-structural mass lumped at each node
point are listed in Table 4.1.

4,2 Analysis

A normal modes analysis of the finite element model of the stiffness
controlled design, Revision 4, was performed using the MSC/NASTRAN finite
element program. The resulting frequencies are shown in Table 4.2 along
with the LOS error for each mode. These LOS errors are based on a unit
amplitude for each mode assuming they have been normalized to a unit
generalized mass.



Table 4.1.

Lumped mass distribution

Revision 4

node structural non-struct.

node structuzal

non~strucs.

e e e e e e e e e w—— e e S e W - — A = — o — - - — — —

mass (Kg) mass (kg) (kg?

1 29.22 | 36 96.98

2 113.01 | 37 126.20

3 209.68 | 33 126.20

4 123.35 | 39 $6.98

5 113.01 | uo 134.51

6 207.15 { 42 0.0

7 29.22 | 43 11.96

8 151.76 | by 0.0 3500.
9 185.78 67.4 | 45 11.96

10 164.84 67.4 ] u6 0.0

11 195.78 67.4 ] 47 0.0

12 165.76 67.4 | 48 14.96 .91
13 151.76 { 49 29.91

14 196.39 | 50 29.91 .82
15 269.43 | 51 29.91

16 305.14 ! 52 26.92 .82
17 269.43 ) 53 26.92 .82
18 305. 14 | 54 29.91

19 196.39 | 55 29.91 .82
26 189.90 { 56 29.91
27 270.24% 69.50 | 57 14.96 .91
28 185.98 6.74 | 910 125.08
29 195.18 69.50 ] 1001 0
30 261.05 6.74 | 1002 0
31 189.90 | 1003 0
32 168.94 6.74 | 1004 0
33 214.79 6.74 | 1112 126.70

3y 209.38 69.50 | 2830 62.76

35 163.52 69.50 | 3233 62.76

Totals 6686.u0 66

Total mass

15000 kg

Center of Mass Location

b e e e e o e e e e e e e e . . - - ——— — — —— —— —— o~ = = — e = o am e —— o b
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ACOSS Model #2:

Table 4.2.
oI NE) LOSx LOosY gerocus
! TETER AT SIS SR SR SINS I IIRS NS USRS IS ISR EIIRTIISELTLESSE

0.0 9.26232-10 -.9068¢-10 -.70048-1¢
9.0 ~.78022-39 0.142%2-1) -.37028-13
9.0 ~.1892¢-12 ¢.el09e-1) -.133A¢-08
6.0 9.723818-03 0.36e8¢E-14 9.0221¢-d¢
0.0 9.9702¢-08 -.708%€-0% 9.109%¢-11
0.0 6.5774F-07 -.31308¢-00 9.6516¢E-1Y
d.1a% -.35488-0¢ 4.32082-0) -.1600£-06
e.278 .. 1494L-04 -.8901£-00 ¢.2230L-4¢
9.371 -.17%8¢-06 -.1020€-0¢ 8.1760€-03
0.460 -.5288€-03 -.6116E-0% -.22732-48
9.647 - . 606408F-0% §.%6628-03 Q.361%8-0s
q.647 «. 2007206 0.6488¢-07 0.1892¢8-08
1.308 =.1013¢-06 -.4498€-07 -.0070C-04
1.34¢ 9.%0008-0¢ ¢.7921¢-07 -.13188-08
3.148 =-.7673L-0% «.970°%-08 G.4843C-08
3.89) -.30432-00 9.3818¢-06 0.8697¢-06
§.004 -. 69098 -00 -.28718-02 0.4374E-00
$.61s 0.414649¢-06 -.1090€-01 -.1733%€-93
6.9 -.76212-0¢ 0.5794¢-87 -.40788-0¢
6.948 0.1095¢8-0¢ -.3828¢-00 -.560%€-06
7.73% 0.%82%¢2-1) ~-.3%82¢-1% «.323%-18
7.8)8 0.1254£-00 0.73632-0¢ ~-.1210€-0¢
8.08s 0.9376¢E-06 0.5110€-07 ~-.7908¢-0¢
9.47 ¢.5891£-07 8.1732E-04 0.12682-00
11.8%8 -.1910€-02 -.8612¢-04 ~.39532-02
12.777 0.3%64€-02 0.6704E€-03 9.2391€-02
12.8%1 0.1067E-02 -.25788-02 0.1067%€-02
13.511 -.1007¢-06 -. 6695204 -.2877¢-0%
21.13% -.2899¢-12 9.6003E-13 0.1870E-153
21.1e% -.4501E-00 -.T260E-08 -.033E-07
23.7110 9.2970E-01 -.8217€-04 §.6395¢-01
26.68)3 - . 0024E-0) 0.2659€-06 -.$580€-01
27.8%09 -.1080¢-13 =-.9901¢€-1¢ 0.3%5¢-18
28,4691 8.13%52¢-08 =.27608E-07 «.1839¢-08
£8.8% 9.3767¢-06 ~,1819¢-0¢ «.23L1¢-08
29.02 0.3205¢-08 9.1506L£-0% 8.123¢-09
29.688 0.34901£-03 0.7331E-02 0.1788¢€-02
31.65%6 0.8707¢2-07 -.2208E-0% -.4101€-06
31.7% -.3003¢-07 0.119)}-08 0.653%¢-0¢
12.262 -.84A3E-0% -.30632-02 9.2067€-02
32.2%2 0.5348€-12 G.1498¢-12 -.1027¢-12
32.439 0.519:¢-97 0.1567€-06 -.3176€-08
14.827 -.2731E-02 -.09764E-03 9.3937€-01
38.006 -.1167E-01 0.30608-02 0.369%E~a1
37.03) -.1304E-02 -.37%¢2-01 9.2037¢-02
©2.727 0.1229€-01. -.8417E-02 0.26¢258-02
o6 268 9.42012-01 9.6041£-02 9.44918-02
4. 789 -.999%¢2-02 0.6549€-02 9.6178¢-02
“5.9%}3 -.1002E-01 -.39208-02 0.487«€-03
“s.79C -.637%8E-02 0.85272€-02 -.12128-03
$1.0308 0.18228-06 9.0387¢€-07 0.3513¢-06
51.242 9.31407-08 -.1812¢t-08 9.2117¢-0%
31.3%8 ~.9890C-00 0.1494¢-08 - $7288-08
$1.8%21 -, 2168E-02 0.9088€-02 -.2782E-02
$1.816 -.12908-08 0.2764E-08 . 1448E-05
$1.921 0.9333€-02 0.1739€-03 9.5820€-92
$4.076 0.22%E-01 -.21w1€-02 0.2170E-0L
$6.1%7 -.53%E-03 0.2702€-02 0.)e01€-02
$9.940 -.9582£-03% 0.1230E-01 0.3088¢€-02
61.13% -.1263E-01 -.21238-02 -.2065€-01
s3.51% 0.18«%€-01 q.3%5438-02 9.54829¢-02
. ~.2871¢8-02 0.2091£-02 ~.12198-02
0.0943€-03 -.1802€-01 6.7723€-02
0.2)¥8)E-00 0.7090€-02 0.12qwE-01
9.1300€-02 0.1861€-02 -.27778-01
9.0038E-02 -.8827E-02 -.8691E-02
-.1080€-01 0.«270€-02 ~.3301€-03
0.7128€-02 9.1119€-01 - . ouS6€-g2
=.7718E-07 «.1098¢-0¢ «.3310¢6-00
0.467%€-06 0.876£-08 ~.5233%-06
-.583£-07 Q. 1w9%E-00 0.e28«£-06
0.1223€-05 9.1071¢-08 9.52038€-00
. 161%£-02 -.7563€-02 ~.1378-01
0.2723C-1w 0.125<€-13 0.2380E6-13
0.0122€6-02 -.8513e€-02 -. 201e8-01
-, JIE-07 0.50587€E-00 0.1a582-08
.. 1e548E-0% -, 7o )E-02 9.193e8-02
. 898<E-32 - 2513€-02 9.2380¢-01
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Revision 4

FREQI NI

LoSx LOSY SEFOCLS

X3 AIIEIIL I I SNSRI IC ISR I8 IREItzssss

79 85. 108 . we82E-02 - 873%E-02 0.165£-92

a0 85.930 - @0l9€-0% 9.115q€-01 0. Séek-22

L1 90.312 -.3990€-02 -.25%€-02 Q.58 2€-02

(1] ¢w.77% 9.1783€-02 0 wCe’E-03 - «l01€-02

43 9°2..89 -.318€-02 -.2131€-02 -.23as€-02

e 02.27} 0.13%.8-02 0.1387€-02 -.190<€-02

[ 1] . «2) 0.1003E-02 -.1808€-02 0.2080€-02

[ ] 99 .28 0.3«30€-02 ~.1761€-02 0.997€-g2

o7  100.52) 9.3029¢-02 ~.0669€-03  0.%103€-02
o8 106.098 -.9921E-03 -.l8e0¢-02 -.0670€-02
" 1095.838 0.7171€-02 ~.7101€-03  8.%20cf-02

*° 109, 081 ~.5397€-02 0.7852£-03 -.e037¢-02

" 116.83¢ -.12728-02 ~.1¢02€-83 8.2700£-02

°” 117.55% =.1824€-17  0.24336-18 0.e407t-17

% 119,409 -.weslE-008 ~.«771€-07  0.1827¢-07

* 121.108 0.5590€-02 0.7792€-03 -.1957€-481

* 122.452 9.3738€-02 ~.0300€-02 -.7Tlel€-02

% 123.207 -.1919E-42 §.373E-02 0.8671€-02

7  125.59% -.7543€-03 «.Ju07E-02 ~.389NE-02

*° 126.122 -.4320€-02 ~.Ja76€-02 8.5452¢€-02

" 127.297 -.2991E-02 ~.296<£-02 0.7300€-04
100 120.238 0.«313€-02 ~.1702€-02 0.0915£-02
101 L136.710 9.8257E-01  0.5918E-03  0.13~3E-04
102 131.407 -.6le0E-02 0.2357E-02 0.5075E-02
103 1.4} -.1823€-02 -.el3e8-02 0.52«2E-02
106 135. R2e 9.3082¢-02 ~-.5959¢-02 -.6ue ¥-02
168 130.146 Q9.2060€-03 9.5572€-02 -.6325€-02
106 138.043 -.80888-02 -.18738-02 -.0e)SE-02
187 138.48% 0.0185€-02 -.3137¢-02 -.7906€-02
108 160.797 9.3352€-02 -.5305€-02 0.53%7€-02
109 el .S 9.1403€-02 0.1297€-02 0.2720€-02
116 14).007 ~.4327€-02  0.3901¢-02 0.1158¢-02
133 167.081 ~.2110£-02 -.5910E-02 -.1205¢-0)
112 1e7. 716 6.5188¢-02 -.67288-02 0.2803-02
11} 1s0.219 Q.2172€-02 0.7479€-43 - .e709€-02
ART Y 181 _t04 -~ AR328 .0V 0.¥93E-02 =, TlewE-02
118 152.872 ~.53008-02 0.3724£-03  0.5543E-02
12e 155 138 0.3200E-02 -.503E-02 -.5107€-02
1? 169,920 9.1109¢-02 0.42528-02 0.3077€-02
116 160.007 9.5206L-03  0.28098-02 -.2079€-42
119 161 .80 ~.1388E-02 -.1133¢-02 = leiS€-01
126 163,747 ~.183s€-02 -. 31902 0.5 E-00
12} 163,942 ~.1280€-02 -.1155¢-02 0.7200€-02
122 105,756 ~.3109¢€-02 - 1220€E-02 0.928E-02
123 164.052 0.2908E-02 9.2033€-02 -.9870E-02
126 le%. 261 ~.03elE-02 90.3303¢-02 0.1517€-01
128 171.17% 0.2026€-03 - w217€-02 -.3918€-02
1de 173,651 0.20298-02 ~.eunol-03 -.3980€-02
127 178.770 -.20568-02 «.del0E-02 0.123138-01
128 L77.878 -.1138€-0) -, 050E-02 -.2093€-02
12¢ 188.072 0.38328-02 - 183<E-02 - T819¢-02
130 168 51e 0.3110€-03% -.2027€-48 -.2w73E-02
131 189, 3«1 -.4938E-03 0. 8welE-0¢ 8.1973E-92
iR 19¢.21%0 0.1201E-02 - 1702€-02 - 27Ml€-02
13 19s.018 -.11288-02 0 S189E-03  0.w8weE-0¢
13e 197,302 -.9306€-03 0.1222£-02 0 le3l€-92
138 199,020 -.1s98¢€-02 -.1209e-02 9 J8%eE-02
13¢ 208.477 ~.8170€-0% 90.9111¢€-03 -.1151€-02
137 212.588 =.1269€-33  0.0570L-0w “. 09 0E-0n
138 214.778 0.0951E-03 - @7%£-03 - 1206€-02
139 224.0¢8 =.2130E-03 0.4a8+E-03  0.131eE-0«
140 2l7.00¢ ~.3e80¢-0) -, Qu89E-0) -. Yo 7S€-0)
lel 228.722 =.7933€-0% Q.17S4€-0} -.le83E-03
le2 239.082 -.3578¢-17 -.3523¢-17 0. 1132€- 10
13  239.87S «.1931€-09% 0.%313¢-08 -.%e23€-09
lea 261, 438 -.9549¢€-0« 0. 1205£-02 = A77T1E-06
e 242.1% ~.1338€-0% . 601%E-03 0.e89.£-03
les 266.000 Q.199%¢€-02 0.5379€-04 -.5651€-33
1647 267.8%«2 0.1622€-47 -.J501€-1® - . «881E-17
le8 267.588 - 23808-09 0 .2373E-08 0.88%3¢-10
le® 282,71 -.2289¢-0¢ 0.1700E-32 0.1w77E-9%
189 253.078 0.0801¢-03 “.3360E-0un -.1810¢-02
181 258.111 -.ce5%¢ 0} - $8de€-0¢ - 85558-))
182 158 . vl 9. «J8iE-0w - 4%a7€-33  0.0008E-0w
153 300.990 -.1313¢-03 - . 9950€-Q8 . 2w3lE-33
15« 301 5% 9.4708€-0e - 2000E-03  0.208€-0«
158 w17 996 0.57«5¢€-0% - 2130 -0e -.98%€-97
186 «20.5e2 -.e3e28-08 -.739%¢L-08 = «001C-00
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SECTION §
SUMMARY

In order to meet the needs of the VCOSS program for two models which
represent the extremes of structural stiffness and were detailed enough to
allow specification of control sytem hardware, modifications were made to
the design of ACOSS Model #2. Three new revisions of this model were ' ]
created and are described in this report. The MSC/NASTRAN input for each
revision is included in an Appendix. '

The first model, Revision 1, is an updated version of the original
design, Revision 0. The design has been changed to add more detail to the ‘
models of the mirrors, mirror support structure and equipment section. &
The basic geometry and the stiffness of the structural members were not |
changed from the original ACOSS Model #2. The dynamic characteristics of '
this model are close to those exhibited by Revision O. 1

Using this updated model as a baseline, two new revised models were
created. These two new revised models, a lightweight, flexible design
(Revision 3) and a heavy, stiff design (Revision 4) can be used to study
the trade-offs between structural mass and control system complexity.
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10 DRAPER,MCOEL2

soL 3

CHMXPNT YES

TIME 19

CEND

TITLE = swew# ACOSS MODEL #2 hdodadodel

€UBTITLE = UPDATED ORIGINAL MODEL ~ REV 1

MPC = 100

METHOD = 600

0ISP = ALL

$ESE =ALL

BEGIN BULK

PARAM,USETPRT,1

PARAM GROPNT 0

EIGR 600 GIV 200 +10
+10 MASS

$

$ KINEMATIC MOUNT: TERTIARY MIRROR

$
RBEI’IOOS127:123)29)23D3233r3:10R931
‘RBSI:U"»1°°3)123456

R T AT

$
$ KINEMATIC MOUNT: PRIMARY MIRROR

$
RBEI.1001.34,123;35’23'2530,3.,+R511

+RB11,UNM,1001,123456

$

$ KINEMATIC MOUNT: FOCAL PLANE

$ .

RBEI.1006;11;123,9,23;40;3»,#RBQI

+RB41,UM,1004,123456

$

L KINEMATIC MOUNT: SECONDARY MIRROR

$

RBEI'IOOZ;910:123;1112,23.60:3:;*Rszl

+RB21,UM,1002,123456

$

$ RIGID EGUIPMENT SECTION

3 .

RBE2 141 44 123456 42 43 45 46 47 "

$

$ NODE POINT LOCATIONS

$ NODE & XM Y{M) Zm

$

GRID 1 ~7.0 0.0 0.0

GRID 2 -4,0 5.0 0.0

GRID 3 -4.0 -5.0 0.0

GRID 4 0.0 5.0 0.0

GRID 5 4.0 5.0 0.0

GRID 6 4.0 -5.0 0.0

GRID 7 7.0 0.0 0.0

GRID 8 -7.0 0.0 2.0

GRID 9 4.0 5.0 2.0 |

GRID 1004 ' 0. 4.0 2.0

GRID 10 4.0 -5.0 2.0

GRID 910 4.0 -2.% 2.0

GRID 1112 4.0 -2.5 2.0 ]
b
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G0 1 4.0 5.0 2.8
G0 12 4.6 5.0 2.0
R0 13 e 0.0 2.9
gD 14 “%.0 .0 12
: R0 15 a0 4.0 12
GRID 16 a0 -e.0 12
R0 17 4.0 @0 12
GRID 18 wn  -e.0 12 |
GRID 19 60 0.0  12.0
GRID 26 5.6 0.0 22.0
GRID 27 a0 3.0 220
GrID 28 o0 -3.0  22.0
GaID 2830 ¢.0  -3.0 22.0
; GRID 1001 0.0 -6.5 220
GRI0 29 a0 3.0  22.0
a0 30 a0 -3.0  22.0
gap 31 s.o 0.0  22.0
R0 ¥ a0 10.0  22.8
a0 3233 6.0 100 220
6RID 1003 ¢0 6.5 220
61D 33 e.0  10.0 22.0
GrID 3 Ze.0 10,0 22.0
GRID 35 s.0  ~-10.0 22.0
GRID 36 a0 3.0 24.0
GRID 37 “ap  -3.0 26.0
GRID 38 4.0 3.0 24.0
GRID 39 4.0 -3.0 2.0
GRID 40 o0 2.5 2.0
GRID 1002 0.0 0.0 2.0
GRID 92 o0 5.0 0.3
GRID 63 220 0.0 _ -l.3
GRID 44 0.0 -1.667 -1.3
GRID 95 2.0 0. -1.3
GRID 48 “4.0 5.0 0.3
GrID 47 4.0 -5.0 0.3
GRID @8 6.0 0.0  -1.3
GRID 49 2100 0.0 1.3 .
GRID 50 360 0.0 -L.3
R0 51 Ti.0 0.0 1.3
: R0 52 6.0 0.0  -1.3
GRID 53 6.0 0.0  -1.3
GRID 5% 1.0 0.0  ~-1.3
GRID 55 6.0 0.0 =13
GRID 56 21,06 0.0 . -1.3
GrID 57 26,0 0.0 =13
GRID 100 5.0 0.0 0.0 456
s
‘ s ELEMENT CONNECTION DATA
‘ s
s  ELEMR PROP® NODE  NOOE LOCAL AXTS ORIENTATION VECTOR
.
H BARCR .0 o0 00 1
¥ cesg 1 200 1 2
; . caR 2 200 1 3
, ca 3 200 2 3
= casR 4 200 2 o 0.0 1.0 00 1
IO cesR S 200 3 o
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CSAR
CBAR
C3AR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
C3AR
C8AR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CSAR
CBAR
cBAR
CBAR
C3AR
CBAR
CBAR

239

184

200

200
209
260
200
200
2090
200
200
200
200
2c0
200
200
200
2C0
200

200
200
200
200
200
200
200
200
200
200
200
2¢0
200
200
209
200
200
200
200
200
300
300
300
300
200
3¢9
300
300
300
3e0
3c0
3e90
3co
350
62

62

300

OOOOOOW&\&NM\JOMMNHOWMM&&‘

1112

10
11
1112
11
12
14

16
17
17
18
2%
26
27
29
29
30
27
27
28
2830
27

910

2830
3
36

0.

0

9.0

(- X<
[~

1.0

1.0

1.0

o
oo

0.0

0.9

6.8

o
-
(-2

oo
.
90

1

o




"N

W
CBAR 64 300
C8AR 65 300
CBAR 66 300
CBAR 67 300
CBAR 68 300
CBAR 69 390
CBAR 70 330
CBAR 71 300
CBAR T2 300
CBAR 73 300
CBAR T4 100
CBAR 75 300
CBAR 127 300
CBAR 128 300
CBAR 129 390
CBAR 130 300
CBAR 7 420
CBAR 77 400
CBaR 78 400
CBAR 79 400
CBAR 80 400
CBAR 181 400
CBAR 182 200
CBAR 183 200
CSAR 186 200
C84R 137 200
CBAR 81 %00
cBAR 82 400
CBAR 83 400
CBAR 84 400
CB&R 85 %00
CBAR 86 420
CSAR 87 400
C3sR 88 490
CBAR 89 400
CBAR 90 400
CBAR 91 400
CBAR 92 400
cBAR 93 400
C3AR 94 400
CBAR 95 400
CBAR 6 400
CBAR 97 490
CBAR 98 400
cBAR 99 99
CBAR 100 09
CBAR 101 %00
£BAR 102 400
CBAR 111 400
CBAR 112 400
CBAR 113 %00
CSaR 114 400
CBAR 115 400
‘€8AR 116 62
CBAR 185 62
€BAR 117 400
C34R 118 400

31

39 0.0 1.0 0.0 1
38 0.0 1.0 0.0 1

L
MM

oo
oo
Pl

o
[

oy




CBAR 119 4Cco 30
C3a 120 400 30
C3AR 121 400 31
CBAR 122 «09 34
CBAR 123 402 32
CBAR 124 400 33
CBAR 125 400 3%
CBAR 126 400 35
CBAR 131 500 “8
CBAR 132 5¢C0 49
CBAR 133 500 S0
CBaR 134 500 51
CBAR 135 560 52
CBAR 136 500 45
ceaAl 137 5¢0 53
CBAR 138 500 5%
CBAR 139 500 55
C8AR 140 500 56
$

$ ISOLATOR SPRINGS

$

$ ELEMR K NODE D
$ (N/M) A
$

CELASZ 142 5.79E3 4
CELAS2 143 5.79E3 4
CELAS2 144 5.79E3 4
CELAS2 145 5.79E3 3
CELAS2 146 5.7983 3
CELASZ 147 5.79E3 3
CELASZ 148 5.79E3 6
CELAS2 149 5.79E3 6
CELAS2 150 5.79€3 6
$

¢ MATERIAL PROPERTY DATA
$

$ MAT @ E

$

MAT1 100 1.24E+11
MAT1 200 1.264E+11
MAT1 300 1.26E+11

$

$

$ LUMPED MASS DATA

$

$CCNM2  ELEM® NCOES
$+XXXX IXX Yy
$

$ MIRRORS

$

comM2z 1001 1001

+1001  4083.33 5333.33
cone 1002 1002
44040  1666.67 4266.67
conMz 1003 1003

+1003 4900, 6400.
coNit2 1004 1004

3
35
35
35
36
38
37
39

50
51
52
43
53
54
55
56

[=]

F

GIR W W - »

&

[- - -]
PR
W Ww

MASS

1000.
800.

1200.

600.

- X~

P -X- - N-N-X-X-N-2-4
. s s & ® = e @
-X-X-X-X-N-N-X-J

RHO

1720.
1720.

1.0

(R el ol ol ol
R M
0000000000

(=]
> O
1

W WA WD

12z

9416.67
5933.33

11300.

o
.

000000000
« e e & o ® s 0w
- R- - XXX~ N

e i al

+XXXX

+1001
+4040
+1003

+100¢

i




+1004  2CO. 800. 1000.
$

I $ EQUIPMENT SECTICN
¥ ‘ \ {
3

3 . CCNM2 544 44 3500. +564 :
i +544 22611, 10500. 28777.

$ i
$ SOLAR PANELS

$ . )
cONM2 548 48 81.91 +548 }
+548 270.0 j
CONMZ 550 50 163.82 +550 |
+550 540.0

CONMZ 552 52 73.82 +552 !
552 270.0 !
CONM2 553 53 73.82 +553 '
+553 270.0 |
ccM2 557 57 81.91 +557

+555 540.0 1
CONMZ 555 55 163.82 +555

+557 270.0

$

$  ADDITICNAL NON-STRUCTURAL MASS AT MIRROR SUPPORTS ‘

s E
!
1

i CoNM2 501 27 69.5
CONMZ 502 28 6.74
CONM2 503 29 69.5
CONM2 504 30 6.74
CONM2 505 32 6.7%
CONM2 506 33 6.74%
CONM2 507 34 69.5
CONM2 5038 35 69.5
CCKM2 509 S 67.4
cexMz 510 10 67.%
CONM2 511 11 67.4
CONM2 512 12 67.4
s . -
$ BEAM SECTION PROPERTIES
$ -
$ PROP®  MATH AREA IYY 122 J NSM
$
FBAR 200 100 6.250E-43,.055€E-63.0955-66.189E-6
FBAR 300 100 3.133E-41.509E-61.509E-63.113€E-6
PBAR 400 100 3.919E-43.045E-63.04%E-66.09%E-6
FBAR 500 100 9.407E-41.874E-51.874E-53,.74GE-5
PBAR 62 300 6.082E-31.521E-31.521E033.041E-3 15.69
$
$
$
$ MULTI-POINT CONSTRAINT FCR X-AXIS LOS ERROR (NCDE 100 DOF 1)
$
MPCx 100 ¢ 100 1 =1.0%1000000
#1000000 34 2 -0.01855287570 #1€0C201
*#1000001 34 3 -~0.14285714286#1000002
#10060002 35 2 -0.0185528757 *1000003
#1000003 35 3 -0.164285714286%#1938204%

#1000004% 2830 3 0.28571428572 #100CCO5




*1000005 30 3
%1000306 27 2 0.08065681999
*1000007 27 3
*10000C3 29 2 0.08C65681999
#1000009 29 3
#100C010 3233 3 0.70978001550
#1000011 33 3
#1000012 1002 4 -3.48423005566
#1000013 11 2
#1000014 9 2 -0.062103%94429
s .

$ MULTI-POINT CCNSTRAINT FOR Y-AXIS LOS ERROR (NODE
$

MPC» 100 2
#2000000 34 1 -0.03710575139
*2000001 3% 2
#2000002 34 3 =0.2500000000
%20C0003 35 2
#2000004 35 3  0.2500000000
#2000005 27 1
#2000006 27 2 =~0.06049261499
#2000007 27 3
#2000003 29 2 0.06049261499
#2000009 29 3
#2000010 1002 5 3.486423005566
#2000011 11 1
#2000012 11 2 -0.07762993037
*#2000013 9 2
#200001¢4

$

$ MULTI-POINT CONSTRAINT EQUATION FOR DEFOCUS (NODE
$

MPCx* 100 3
#3000000 34 3 =-0.01912393776
*3000001 35 3
*#3000002 2830 3 0.1274929183%6
%*3000003 30 3
%3000004 27 3 0.77803217347
*3000005 29 3
#30000C5 3233 3 -~0.466819304C3
%*3000007 1002 3
#30000038 9 3 0.50000000000
¥3000009 11 3
*3000010 40 3 ~2.00C0000C000
$

$ RIGID BODY SUPPCRT

$

SUPORT,44,123456

ENDDATA

#xnxinnn END OF MEMBER REVO1

391 RECORDS s

34

0.0 #1000C06
«1030007
~0.35489000765+10333C°
«10000909
=-0.35485000795%1022010
#1000C11
9.0 #1000012
#10099013

-0.062103934429%1080014%

160 DOF 2)

-1.0%2000000

#2000001
-0.064638218924»202CCC2
%#200C3903
0.04638218524%2003004
#20000C5
0.16131363998%2C000C6
#2000007
-0.62105751391%29000¢3
#2000009
0.62105751391%2000010
*#2000011
-0.12420788359#20C0012
*2000013
0.07762993037%20000146

100 DOF 3)

-1.0#3300000

*3C9C331
~0.01912393776%3000082
%#3000003

0.0 *#3000004
#300CC05
0.77803217347#30CCC06
#3002007
~0.17845008571#3002008
«30C20C9
0.500000000%0*302C020

e e R 3 G A
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ID CRAPER,MCDEL2

SOL 3

CHXPNT YES

CEND

TITLE = ACOSS MODEL #2 - REVISION 3
SUSTITLE = VCOSS DESIGN MODEL

LABEL = 156 MODES AND FREQUENCIES

MPC = 100
METHOD = 600
DISP = ALL
$ESE = ALL
BEGIN BULK
PARAM,USETPRT, 1
PARAM GROPNT 0
EIGR 600 GIV
+10 MASS
$
$ KINEMATIC MOUNT: TERTIARY MIRROR
$
RBEI)1003727’123129'23'323373:y0nB31
+RB31,UM,1003,123456
$
$ KINEMATIC MOUNT: PRIMARY MIRROR
$
RBE1,1001,34,123,35,23,2830,3,,+RB11
+RB11,UM,1001,123456
$
$ KINEMATIC MOUNT: FOCAL PLANE
$
RBE1,1004,11,123,9,23,40,3,,+RB4l
+RB41,UM,1004,123456
$
$ KINEMATIC MOUNT: SECONDARY MIRROR
$
RBE1,1002,910,123,1112,23,40,3,,+RB21

! +R821,UM,1002,123456

! $ .
$ RIGID EQUIPMENT SECTION
$
RBE2 141 4% 123456 42
$
$ NOOE POINT LCCATIONS
$ NODE®# X (M) Y (M) Z
$
GRID 1 -7.0 0.0
GRID 2 -4.0 5.0
GRID 3 -4.0 -5.0
GRID 4 0.0 5.0
GRID 5 4.0 5.0
GRID -6 4.0 -5.0
GRID 7 7.0 0.0
GRID 8 -7.0 0.0
GRID 9 -4.,0 5.0
GRID 1004 .0 4.0
GRID 10 -4.0 -5.0
GRID 11 4.0 5.0
GRID 12 4.0 -5.0

43

X

MR NAANPOPNOOO0OOCOO0O0

e o s s e e o 8 s

0000000000000

200

45

46

+10

47




310
1112

14
15
16
17
18
19
26
27
28
2830
1001

100

e R o
4.0 -2.5 2.0
4.0 -2.5 2.0
7.0 0.0 2.0
-6.0 0.0 12.
-%.0 4.0 12.
-%.0 4.0 12.
4.0 4.0 12.
4.0 -4.0 12.
6.0 0.0 12.0
-5.0 0.0 22.0
-4.0 3.0 22.0
=-4.0 -3.0 22.0
0.0 -3.0 22.0
0.0 -6.5 22.0
4.0 3.0 22.0
4.0 -3.0 22.0
5.0 0.0 2.0
-4.0 10.0 22.0
0.0 10.0 22.0
0.0 6.5 22.0
4.0 10.0 22.0
-4.0 -10.0 22.0
4.0 -10.0 22.0
-4.0 3.0 24.0
-4.0 -3.0 24.0
4.0 3.0 26.0
4.0 -3.0 24.0
0.0 2.5 2.0
0.0 0.0 2.0
0.0 5.0 -0.3
~2.0 0.0 -1.3
0.0 -1.667 -1.3
2.0 0.0 -1.3
~4.0 -5.0 -0.3
4.0 -5.0 -0.3
~26.0 0.0 -1.3
-21.00 0.0 ~1.3
~16.0 0.0 -1.3
-11.0 0.0 -1.3
-6.0 0.0 ~1.3
6.0 0.0 ~1.3
11.0 0.0 ~1.3
16.0 0.0 ~1.3
21.00 0.0 -1.3
26.0 0.0 ~1.3
0.0 0.0 0.0 456

ELEMENT CONNECTION DATA

ELEM®

PROPS

NODE
A

NCDE
8

LOCAL AXIS ORIENTATION VECTOR

1.0 0.0 0.0 1




CBAR
CBAR
CBAR
CBAR
C8AR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR

VOOV LANUNTVUNHTRVIWE W

VNNV LH

0.0

1.0

1.0

0.0

0.0







CELAS2
CELAS2
CELAS?2
CELAS?2
CELAS2
CELAS2
CELAS2
CELAS?2
CELAS2
$

$

$

$

$

MAT1
MAT1
MAT1

$

$

$

118
119
120
121
122
123
124
125
126
131
132
133
134
135
136
137
138
139
140

ELEMS

142
143
144
145
146
147
148
149
150

118
119
129
121
122
123
124
125
126
131
132
133
134
135
136
137
138
139
140

ISOLATOR SPRINGS

K
(N/M)

.79E3
.79E3
.79€E3
.79E3
.79E3
L7983
L7923
.7SE3
.79E3

[LRU RSNV RU R RN R

28
30
30
£33
34
3R
33
34
35
48
49
50
51
52
45
53
54
55
56

NODE
A

LWL PSS

MATERIAL PROPERTY DATA

MATS

100
2co
3090

E

1.24E+11
1.264E+11
1.24E+11

LUMPED MASS DATA

$CONM2 ELEM® NODES
IXX

$ 4+ XXXX
s

$

$
CONM2
+1001
CONM
+4040
CcCeNM2
+1003
cexM

MIRRORS

1001

1001

4083.33

1002

1002

14666.67

1003

1003

4900.

1004

1004

Yy

5333.33
4266.67

6400,

34
34
35
35
35
36
38
37
39

. 49

50
51
52
43
53
54
S5
56
57

DOF

WO WD WP - » 0

g

(- - -]
« o .
“wWw

MASS

1000.
800.
1203.

600.

40

0.0

o e .
CO0OO000O0DOCO0OO0OO

o000 OO0OOO0OO
. o 4 e & o

NODE

42
%2
%2

46
46

47
47

RHO

1720.
1720.
2579.70

.
[~ 2~ 2= - - -~ - - -

(=
5 10 0t D 2 Pt et Pt s s
- « o o M M

®O

VI N WP

122

9416.67
5933.33
11300.

0.0

CO0OO0O0O0OO0O00
.« . . e .

PR
00000 OO0O0O0O

2 4 0t gt et et et gt

+XXXX

+1001
44040
+1003

41004

j




+1004  200. 8co.

$

$ EQUIPMENT SECTION

s

CONMZ 544 44 3500.
+546 29611 10500.

s

$  SOLAR PANELS

s

CONMZ2 548 %8 81.91
+5648  270.0

coNM2 550 50 163.82
+550  540.0

coNMz 552 52 73.82
+552  270.0

CONM2 553 53 73.82
+553  270.0

coNM2 557 57 81.91
4555  540.0

CONM2 555 55 163.82
+557  270.0

s

s ADDITIONAL NON-STRUCTURAL MASS AT MIRROR SUPPCRTS
s

conmz 501 27 $9.5
CONM2 502 28 6.76
CONMZ 503 29 69.5
coNM2 506 30 6.74
coNM2 595 32 6.7
CONM2 506 33 6.7%
CONM2 507 3% 69.5
ccnM2 508 35 69.5
CONMZ 509 9 67.4
coNM2 510 10 67.4
coNM2 511 1 67.6
Eonnz 512 12 67.%

s BEAM SECTICN PROPERTIES

s

$PBAR PROPE MAT®

$HXXXXXXX 122 J

s

PBARX 1 100

* 1 0.439721E-07  0.879442E-07
PBAR% 2 100

» 2 0.439721E-07  0.879442E-07
PBARN 3 100

* 3 0.621622E-06  0.124284E-0S
PBARN 4 100

» 4  0.439721E-07  0.879443E-07
FBARN® s 100

» 5  0.1126956-05  0.225391E-CS
PBARN 6 100

» 6  0.439721E-07  0.879443E-07
PRARN 7 100

* 7 0.112695E-05  0.225391E-05
FBAR® a8 100

1000.

28777.

AREA

0.678583E~04
0.678583E~04
0.255098E~03
0.678583E~04
0.343532E~03
0.678583E-04
0.343532E~03

0.104152€-03

+544

+548
+550
+552
+553
+557
+555

I11 XOOOKX

0.439721€E-07#
0.439721E-07%
0.6216422E-06%
0.439721E-07%
0.112695E-05%
0.439721E-07%
0.112695E-05%

0.103587E-06%

el udh




FAR®
PBAR®
PBARM®
t ]

PBARN
PRAR®
PBAR®
PBAR»
»*

PBAR®
PBAR®
»

PBAR®
PBAR®
*

PBAR®
PRAR®
*

PBAR®
PBAR®
*

PBARY
PBAR®
PRARW
»

PBAR®
»

PBAR®
»

FBARW
FBAR®
PBAR®
PBARS
PBAR®
PBAR®
PBAR®
»

PBAR®

10

11

12

13,

16
15
16
17
18
19
21
22
26
25
26
27
30
31
32

3%
35
36
37
8
39

(Y]

0.1035878-06
9
0.621422E-06
10

0.439721E-07
11
0.439721E-07
12
0.439721E-07
13
0.439721E-07
14
0.439721E-07
15
0.439721E-07
16
0.439721E-07
17
0.439721E-07
18
0.439721E-07
19
0.439721E-07
21
8.439721€E-07
22
0.439721E-07
24
0.439721E-07
25
0.439721E-07
26
0.188490E-CS
27
0.188490€E-06
30
0.439721E-07
31
0.439721E-07
32
0.618177E-07
33
0.439721E-07

3
0.439721E-07
35
0.439721E-07
36

0.439721£-07
37
0.103587E-06
38

0.103587E-06
39
0.618177€-07
40
0.439721E-07

0.207174E-~36
100
0.124284E~C5
100
0.879442E~07
100
0.879442E-07
100
0.879443E-07
100
0.879443E-07
100
0.879443E-07
100
0.879443E-07
00
0.879443E-07
100
0.8799%2E-07
100
0.879442E-07
100
0.879442E-07
100
0.879443E-07
100
0.879443E-07
100
0.879442E-07
100
0.879442E-07
100
0.376979E-06
100
0.376979E-06
109
0.879442E-07
100
0.879442E-07
100
0.1236352-06
1co0
0.879443£-07
100
0.879443E~07
100
0.879443E~07
100
0.879443E~07
100
0.207176£-06
100
0.207174E~06

1

109
0.123635E-06

100
0.879442E-07

42

0.255098€-03
0.673583E-06
0.678583E-04
0.678583E-04
0.678583E-04
0.678583E-04
0.678583E-04
0.673583E-04
0.678583€-04
0.678583E-04
0.678583E-04
0.678583E-06
0.678583E-00
0.678583E-04
0.678583E~04
0.140494E-03
0.140694E-03
0.678583E-04
0.678583E-04
0.804583E-04
0.678533E-06
0.678583E-04
8.678593E-04
0.678563E-04
0.104152€-03
0.104152E-03
0.804583E-04

0.678583E-04

0.621422E~06#
0.439721E-~07%
0.439721E-~07%
0.439721E~07#
0.439721E-07#
0.439721E-07*
0.439721E-07%
0.439721E-07#
0.439721E-07*
0.439721E-07%
0.439721E-07%
0.439721E-07%
0.439721E-07%
0.439721E-07%
0.439721E-07%
0.188490E-06#
0.188490E-06#
0.439721E-07%
0.439721E-07%
0.618177E-07#%
0.439721E-07%
0.439721E-07%
0.439721E-07%
0.439721E-07%
0.103587E-~06*
0.103587E-~06%
0.618177E~07%

0.439721E-07%

10
1
12
13
14
15
16
17
18
19
21
22
26
25
26
27
30
n
32
13
34
35
36
37
38
39
40




FRARS®
FEAR®
P3ARN
PRARM
»

PBAR*
PBAR®
PRAR®
PBARY
FBAR®
*

PBAR®
PBAR®
PBAR®
*

PBAR®
*

PBARN
»

PBARM
PBARN
PBAR
POARN®
L ]

PBAR%
PBAR
»

PBARN
PBAR®
FRAR¥
PBAR®
*

PBARS®
PBAR#»
PBARN
PBARR

FBAR®

S . . '."

el
a2
43
a4
as
a6
a7
54
55
56
57

59
60
61
62
63
64
65
66
67
68
69
70
71
7
73

7%

41
0.439721E~07
@2
0.439721E-07
43
0.4397218-07
44
0.103587E-06
45
0.103587€E-06
b
0.439721E-07
47
0.439721€E-07
54
0.439721E-07
55
0.439721E-07
56
0.439721E-07
57
0.439721E-07
58
0.439721£~07
59
0.439721E-07

60
0.103587€-06

61
0.621422E-06

62
0.0015208

63
0.439721E~07

64
0.439721E~-07

65
0.439721E-07

66
0.439721E-07
67
0.132154€-0%
68
0.439721E-07
69
6.132154E-06
70
0.439721E-07
71
0.439721E-~07
72
0.103587E~06
73
0.439721E-C7
7%
0.103587E-Cs
75

100
0.879442E~-07
100
0.8373443E-07
1c0
0.879643E-07
100
0.207174E-06
100
6.207174E-06
100
0.879443E-07
100
0.879443E-07
100
0.879442E-07
100
0.879442£-07
109
0.879442E-07
1¢¢
0.879442E-07
100
0.879462E~-07
100
0.879442E-07
100
0.207174E-06
100
0.124284E~0S
300
0.0030410
100
0.879443E~07
100
0.879443E-07
100
0.879443E-07
100
0.879443E-07
100
0.264303E-06
100
0.879442E-07
100
0.264308€E-06
100
0.879442E-07
100
0.879442E-07
100
0.207174E-06
100
0.8794G42E-Q7
100
0.207174E-06
100

43

0.678583E-04
0.678533E-04
0.678533E-04
0.106152E-03
9.109152€E-03
0.678583E-04
0.678583E-04
0.678583E~-04
0.678583E-04
0.678583E-04
0.678583E-04
0.673583E-04
0.678583E-04¢
0.104152€-03
0.255098E-03
0.0060821

0.678583E~04
0.678583E~04
0.678583E-04
0.678583E-04
0.117640€-03
0.678583E~04
8.117640€-03
0.678583E-04
0.678583E-04
0.104152€-03
0.6785383E-04
0.104152€-03
0.255098E-03

0.439721E~07n
0.439721E-Q7%
0.439721€-Q7#
0.103587E-06%
0.103587€-06%
0.439721E-07%
0.439721E-07%
0.439721E-07»
0.439721E-07#
0.439721E-07%
0.439721E-07*
0.439721E~07*
0.439721E~07%
0.103587E-06%
0.621422E-06%
0.0Q15205 =
8.439721E~07%
0.439721E-07%
0.439721E-07%
0.439721E-07%
0.132154E-06%
0.439721E-07»
0.132154E-06%
0.439721E-07»
0.439721E-07%
0.103587E-06%
0.439721E-07%
0.103587E-06%

0.621422E-06%

4}
a2
43
a4
45

13

. 47

54
55
56
87
58
59
60
61
62
63
64
65
66
67
68
69
70
n
72
73
74

75




] »
¢ PBARR
! PBARN®
PRARN
»
PBAR®
PBARS
*
PBARN
PBAR%
»
PBARS
PBARM
*
PBARN
PBAR»

PRARR

PBARN*
»
PBAR%
PRARX
»
PRARN
PBAR*
*
PBAR®
; »
3 PBARH
*
PBAR®
PBAR®
PBARR®
PSARN
*
PBAR®
PBAR®
»

PBAR®

! PBAR
»
PBARS
»

7%
76
77
78

80
8l
82
83
84
a5
86
a7
88
89
90
N
9
93

95
96
97
98

99

100
101
102
111

0.621422E-06
76
0.643065E-06
77
0.171765E-05
78

0.643065E-06
7%
0.664055E-05
80
0.643065E-06
81
0.643C65E-06
82
0.664055E-05
83
0.643065E-06
8%
0.171765E-05
8s
0.643065E~06
86
0.151367E~05
87
0.643065E~06
a8
0.1009¢2E~05
85
0.643065E-06
90
0.306267E-05
9
0.643065E-06
92
0.116072€-05
93
0.643065E-06
. 94
0.306267E-05
95
0.643065E-06
56
0.100942E-05
97
0.6430658-06
%8
0.116072E-05
99

0.211446€E-05
100
0.211446E-05
101
0.211446E-05
102
0.211446E~05
111
0.643065E-06

0.124284E-05
1060
0.128613E-08
100
0.343531E-05
108
0.128613E-05
100
0.132811E-04
100
0.128613E-05
100
0.128613E-05
100
0.132811€E-04
100
0.128613E~05
160
0.343531E-05
100
0.128613E-05
100
0.302735E-05
100
0.128613E-05
103
0.201843€E-05
100
0.128613E-05
100
0.612533E-05
100
0.128613E-05
100
0.232143E-05
100
0.128613E-05
100
0.612533E-05
100
0.128613E-05
100
0.201883E-05
100 -
0.128613E-0
100
0.232143E-05
100
0.422892€E~05
100
0.422892E-08
100
0.422892€-05
109
0.422892E~05
109
0.128613E-08

44

8.2595Q3E-03
0.424114E-03
0.259503E-03
0.833904E~03
0.259503E~03
0.259503E-03
0.833904E-03
0.259503E-03
0.424114E~03
0.259503E-03
0.398135€-03
0.259503E-03
0.325124€-03
0.259503E-03
0.566323E-03
0.259503E-03
0.345640E-03
0.259503E-03
0.566323E-03
0.2859503E-03
0.325124€-03
0.259503E~03
0.343640€-03
0.470559€-03
0.470559€-03
0.470559E-03
0.47055%€~03

0.259503E-03

0.643065E~06%
0.171765E-05%
0.643065E-06%
0.664055E~05%
0.643065E~06%
0.643065E-06%
0.664055E-05%
0.643065E-06%
0.171765E-05%
0.643065E-06%
0.151367E-05%
0.643065E-06%
0.100942E-05%
0.643065E-06%
0.306267E-05%
0.6463065E-06%
0.116072E-05%
0.643C65E-06%
0.306267E~05%
0.643065E-06%
0.100542E-05%
0.643065E-06%
0.116072€~05%
0.211446E-05%
0.211446E~05%
0.211646E-05%
0.211446E-05%

0.643065E-C6%

76
77
78
79
80
81
82
83
84
8s
86
87
88
89
50
91
92

53

95
96
97
98
99
100
101
102

111




112
0.439721E-07
113
0.100942E~05
114
0.439721€E-07
115
0.643C65E-06
116
0.0015205
17
0.643065E-06
118
0.439721E-07
119
0.100942E-05
120
0.439721€-07
123
0.643065E-06
122

0.103587E-06
123
0.490653E-07
124
0.490653E-07
125
0.490653E-07
126
6.490653E-07
127
0.439721E-07
129
0.439721€-07
129
0.439721£-07
130
0.439721E-07
131
3.561752E-06
132
3.561752E-C6
133
3.561752E-C5
134
3.561752E-06
135
3.561752E-06
136

3.561752€-06
137
3.561752€-06
138
3.561752E-0%
139
3.561752E-06
140

100
0.879443E-Q7

100
0.201883E~05

100
0.879443E~07

100
0.128613E~05

300
0.0030410
100
0.128613E-05
100
0.879443E-07

100
0.201883E-05
100 ’
0.879443E-07

100
0.128613E-05

100
0.207174E-06

100
0.981305E-07

130
6.981305E-07

100
0.981305E-07

100
0.981305E-07

100 .
8.879443E-07
100
0.879443E-07
100
0.879443E-07
100
0.879443E-07
100
7.123504E-06
100
7.123504E-06

100
7.1235Q4E-06

100
7.123504E~06

100
7.123504€-06

100
7.123504E-06
100
7.123504E-06
100
7.123504E-06

100
7.123504E-06
100

45

0.6785838-004
0.325124€-03
0.678583E-04
0.259503E-03
0.0060821

0.259503E~-03
0.678583E-06
0.325124E~03
0.678583E-04
0.259503E~03
0.106152E-03
0.716806E-04
6.716806E-04
0.716806E-04
0.716806E-04
0.675593E-04
0.678583E-04
0.678533E-04
0.678583E-04
6.107256E~04
6.107256E-04
6.107256E-06
6.107256E-04
6.107256E-064
6.107256E-04
6.107256E-064
§.107256E~04
6.107256E~04

6.107256E~04

0.439721E-07%
0.100942E-05%
0.439721E-07%
0.643065E-06%
0.0015205 *
0.643065E-06%
0.439721E-07#
0.100942E-05%
0.439721E-07%
0.643065E-06%
0.103587E-06#
0.450653E-07%
0.490653E-07%
0.490653E~07%
0.490653E-07%
0.439721E-07%
0.439721E-07%
0.439721E-07%
0.6439721E-07%
3.561752E-06%
3.561752E-06%
3.561752£-C6%
3.561752E-06%
3.561752E-06%
3.561752E-06%
3.561752E-05%
3.561752E-06%
3.561752E-06%

3.561752E-06%

112

113

115
116
117
118
119
120
121
122
123
124
125
126

127

137
138
139

140




» 140 3.561752€E-06 7.123504E-06

PBARN 181 100 0.398135E~03 0.151367E-05% 181
* 181 0.151367E-05 9.302735E-05

PBAR® 182 100 0.343532E~03 0.112695E-05% 182
* 182 0.112695E-05 0.225391E-05

PBAR 183 100 0.343532€E-03 0.112695E-05% 183
* 183 0.112695E-05 0.225391E-05

PBAR 184 300 0.0060821 0.0015205 184
* 184 0.0015205 0.0030410

PBARN® 185 300 0.0060821 0.0015205 » 185
* i85 0.0015205 0.0030410 )
PBAR#® 186 100 0.343532E-03 0.112695E-05% 186
* 186 0.112695E-05 0.225391E-05

PBAR% 187 100 0.343532€-03 0.1126S5E-05% 187
* 187 0.112695E-05 0.225391E-05

PBAR 201 100 0.104620E-03 0.104520E-C6x» 201
* 201 0.104520E-05 0.209040E~06

PBAR» 202 100 0.923628E-04 0.814640E-07% 202
* 202 0.819640E-07 0.162928E-06

PBAR* 203 100 0.678583E-04 0.439721E-07% 203
* 203 0.439721£E-07 0.879442E~07

PBAR* 204 100 0.923628€E-04 0.814640E-07* 204
» 204 0.814640E-07 0.162928E-06

PBAR* 205 100 0.678583E-04 0.439721E-07% 205
* 205 0.439721E-07 0.879442E-07

PBARS 207 100 0.140494E-03 0.188490E-06% 207
* 207 0.18849CE-06 0.376979E-06

PBAR* 232 100 0.678583E-04 0.439721E-07# 232
* 232 0.439721E-~07 0.879442E-07

PBAR»® 239100 0.678583E-04 0.439721E-07% 239
» 239 0.439721E-07 0.879442E-07

$

$ MULTI-POINT CONSTRAINT EQUATION FOR X-AXIS LOS ERROR (NCDE 100 COF 1)

$

MPCx 100 1 ~1.0%1000000
*#1000000 34 2 -0.01855287570 #1000001
#1000001 34 3 -0.14285714286%1000002
#1000002 35 2 -0.0185528757 %1000C0O3
#1000003 35 3 -0.14285714286%100C004
#1000004 2830 3 0.28571428572 #100C005
*1000005 30 3 0.0 *109000C%
*#1000095 27 2  0.080655681999 *1000007
#1000007 27 3 -0.3548%000795%1C80C008
*10000C8 29 2 0.08065681999 #10C00C9
*#1000009 29 3 -0.35489000795%1C000.0
#1000010 3233 3 0.70978001590 *#1000011
#1000011 33 3 0.0 %¥1000012
#1000012 1002 4 -3.48423005566 #1000013
*1000013 11 2 =0.06210394429%1000014
#100001% 9 2 -0.06210394429

$

$ MULTI-POINT CONSTRAINT EQUATION FOR Y-AXIS LOS ERROR (NODE 100 COF 2)

$

MPCx»
#2000000
*2000001
¥2000002

100
1
34
3

2
-0.03710575139

2
-0.2500000000

-1.0#2000000
#20£0001

~0.04633218924%20C3002

#200CJ03




#2000003 35 2
2000034 35 3 0.2500000000
#20€0005 27 1
*2000CCo 27 2 -0.06049261499
#2000007 27 3
#2000008 29 2 0.06049261499
#2000009 29 3
#2000010 1002 5  3.48423005566
#2000011 11 b
#2000012 11 2 -0.07762993037
#2000013 9 2
*#2000014

$

$ MULTI-POINT CONSTRAINT EQUATION FOR DEFOCUS (NODE
$

MPC»* 100 100 3
*3000000 34 3 ~0.01912393776
%#3000001 35 3
%*3000002 2830 3 0.12749291836
%3000003 30 3
#3000004 27 3 0.77803217347
#300C005 29 3
#3000006 3233 3 -0.46681930408
%3000007 1002 3
%3000008 9 3  0.50000000000
#3000009 11 3
%*3000010 40 3 -2.00000000000
$

$ RIGID BODY SUPPORT

$

SUPORT,44,123456

ENDDATA

wxmunnnn END OF MEMBER REVO3

659 RECORDS #¥mdiuus

0.04638218924%2000004
#20¢0905
0.16131363998%2C3C00¢
*2000C07
-0.62105751391#233CCC3
*2000009
0.62105751391%2000010
%2020011
=0.12420788859%2000012
*2000013
0.07762993037%2000014

100 DOF 3)
-1.0%3000000
#3003001
=0.01912393776%3000002
#3000003
0.0 *#3000004
#30003005
0.77803217347%3000006
%#3000007
=0.17849008571%3€00008
#3000009

0.50000000000%3000010

e N
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ID DRAPER,MCIELR2
SaL 3

CHXFPNT YES
TIME 10

ACh
[OI=F¢

TITLE = ACCSS MODEL #2

SUSTITLE = MCDIFIED MCDEL - REVISION 4
LABEL = VCOSS STIFFNESS MCDEL

HPC = 100

METHOD = 600

JISP = ALL

ESE =ALL

BEGIN BULK

PARAM,USETPRT,1

PARAM  GRDPNT ¢

EIGR 600 GIV 200
+10 MASS

$

$ KINEMATIC MOUNT: TERTIARY MIRROR
$

RBE1,1003,27,123,29,23,3233,3,,+RB31
+RB31,UM,1003,123456

s

$ KINEMATIC MOUNT: PRIMARY MIRROR

s

RBE1,1001,34,123,35,23,2830,3,,+RB11

+RB11,UM,1001,123456

s

s KINEMATIC MOUNT: FOCAL PLANE

s

RBE1,1004,11,123,9,23,40,3,,+RB41

+RB41,UM,1004,123456

$

$ KINEMATIC MOUNT: SECONDARY MIRROR

s

RBE1,1002,910,123,1112,23,40,3,,4RB21

+RB21,UN,1002,123456

$

s RIGID EQUIPMENT SECTION

s

RBE2 141 44 123456 42 43 45 46 47
s .

$  NODE POINT LOCATICNS

s NODE# . X (M) Y
s
GRID
GRID
GRID
6RID
GRID
GRIO
GRID
671D
GRID
SRID
GAI0
GRID 910 ~4.0

[
F
oo
W s Mo
« Yre o -
oo x
Q —
N
000000000 QOD s ¢

OOV
o

Q

&

(=2

o . OO0 O
SPUnoo

v e e e e
0O0OO0COoO* DO«

=
o
1
&
o
1
)
o

0.
0.
Q
0
0
0 0.
0
2.
2.
2
2.
2.
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Lt 4 .

1112
1
12
13
16
15
16
17
18
19
26
27
28
2830
1001
29
30
31
32
3233
1003
33
34
35
36
37
38
39
40
1002
42
43
44
45
a6
47
48
49
50
51
52
53
54
55
56
57
100

ELEMENT CONNECTION DATA

ELEM®

WA

PROP#  NODE
A

“i N

4.0 -2.5 2.0
4.0 5.0 2.9
4.0 -5.0 2.0
7.0 0.0 2.0
~6.0 0.0 2.
~4.0 4.0 12.
~4.0 -4.0 12.
4.0 4.0 12.
4.0 -4.0 12.
6.0 0.0 12.0
~5.0 0.0 22.0
~4.0 3.0 k2.0
4.0 -3.0 22.0
0.0 -3.0 22.0
0.0 -6.5 22.0
4.0 3.0 22.0
4.0 -3.0 22.0
5.0 0.0 22.0
-4.0 10.0 22.0
0.0 10.0 22.0
0.0 6.5 2.0
4.0 10.0 22.0
-4.0 ~10.0 22.0
4.0 -10.0 22.0
-4.0 3.0 24.0
-4.0 -3.0 24.0
4.0 3.0 24.0
4.0 ~-3.0 24.0
0.0 2.5 2.0
0.0 0.0 2.0
0.0 5.0 -0.3
-2.0 0.0 -1.3
0.0 -1.667 -1.3
2.0 0.0 -1.3
4.0 -5.0 -0.3
4.0 -5.0 -0.3
-26.0 0.0 -1.3
-21.00 0.0 -1.3
-16.0 6.0 -1.3
-11.0 0.0 -1.3
-6.0 0.0 -1.3
6.0 0.0 -1.3
11.0 0.0 -1.3
16.0 0.0 -1.3
21.00 0.0 -1.3
26.0 0.0 -1.3
0.0 0.0 0.0 456
NODE LOCAL AXIS ORIENTATION VECTCR
B
1.0 8.0 0.0 1

1 2
1 3
2 3

v - ey




C8AR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR

- CBAR

CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CSAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CRAR
CSAR
CBAR
CSAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
CBAR
C3AR
C3AR
C3AR

HOULLNUNGCGRIWN T VIWR EUN

[
[
n

10

00000

VO ~§~NOOOVE S

[ el ek
W o

= DIV~ OO0
(=] o (VRN

910
10
40
40
40
40
11
12
1112
12
1112 9.0 1.9 0.0
910

910

1112

1112

910

13

13

15

16

15

18

19

19

27

28

28

30

3

3

29 0.0 1.0 6.0
30

2830 0.0 1.0 0.0

oo
g
oo
o
. .
oo
oo
o
oo
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€34R 184 184 2830 30 0.0 1.0 6.0 1
i CBAR 63 63 27 36
H CBAR 64 64 28 37
i £3AR 65 65 30 39
; cear 66 66 29 38
i C8aR 67 67 29 3%
i CeaR 68 68 27 37
, CBAR 69 69 28 39
CBAR 70 70 30 38
CBAR 71 71 36 37
CBAR 72 72 7 39 0.0 1.0 0.0 1
CBAR 73 73 39 38
CBAR 7% 7% 36 38 0.0 1.0 0.0 1
CBAR 75 75 37 38
C34R 127 127 2 37
CBAR 128 128 26 36
C84aR 129 129 31 39
CBAR 130 130 31 38
CBAR 7 76 8 14
CBAR 77 77 10 14
CBAR 78 78 10 16
CBAR 79 79 16 9
CBAR 80 80 9 15
C34AR 181 181 8 15
CBAR 182 182 6 40
CBAR 183 183 2 40
CBAR 186 186 3 40
CBAR 187 187 5 40
CBAR a1 81 11 17
CBAR -H 82 11 18
CBAR 83 83 12 18
CBAR 84 84 12 19
CBAR 8s 8s 13 19
: CBAR &6 86 13 17
) CBAR 87 a7 14 26
i CBAR as 88 14 28
: CBAR 89 89 16 28
CBAR 90 90 16 27
CBAR 91 91 18 27
CBAR 92 92 15 26
CBAR 93 93 17 29
C3AR 94 9% 18 29
C24R $5 95 18 30
CBAR 96 9 19 30
CBAR 97 97 19 3
CBAR 93 98 17 31
4 CBAR 99 99 15 32
i CBAR 100 100 16 3%
CBAR 101 101 17 33
CBAR 102 102 18 35
CBAR 111 111 26 32
CBAR 112 112 27 32
CBAR 113 113 27 33
C3AR 114 114 29 33
CBAR 115 115 3 33
C8AR 116 116 32 3233 0.0 1.0 s.0 1 .
C34R 135 185 3233 33 0.0 1.0 0.0 1
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I

CELAS2
CELAS2
CELAS2
CELAS2
CELAS2
CELAS?

$ XXX IXX

$
]
$
CONM2
+1001
L}
conmM2

117 117 26 34
118 113 28 34
119 119 30 34
120 120 30 35
121 121 k3% 35
122 122 34 35
123 123 32 36
124 12¢ 33 38
125 125 34 37
126 126 35 39
131 131 48 49
132 132 4“9 50
133 133 50 51
134 134 51 52
135 135 52 43
13% 13% 45 53
137 137 53 54
1338 138 54 55
139 139 55 1)
140 140 56 57
SOLATOR SPRINGS
ELEN® K NGOE 0OF
(N/M) A A
42 5.79€3 4 1
143 5.79E3 ¢ 2
144 5.79E3 4 3
145 5.7983 3 1
14% 5.79t} 3 2
147 5,793 3 3
148 5.79E3 6 1
149 5.79€3 6 2
150 5.79€E3 6 3
MATERIAL PROPERTY DATA
MATS E NU
100 1.24€411 9.3
200 1.24E+11 9.3
300 1.24E+11 0.3
LUMPEG MASS DATA
$CONM2 ELEM® NODE® MASS
Yy
MIRRORS
1001 1001 1000.
40383.33 5333.33
1002 1002 800,
1666 .67 4266.67

+9040
$

53

« ¢ o v

-X-X-N-E-N-N- X3N]
« e s v e
- N-X-X-X-N-E-N- NN

NODE

42
42
42
46
46

@7

47
47

RHO

1720,
1720.

e el el el
. e e e .
0000000000

(=3
[WESEEREVE R RV R L G:Sa

2z

9416.67

$933.33%

- X-N-E-X-X-N-N~N-
N P e e e 8 e »

.
- X-E-X-N-N-N-N- -]

O

+XXXX

+1001

+Ga060

P




.'lli-.-»..f-__,._- T

couMz 1003 1003 1200.

41003 4900, 6400. 11300,

s

CONMZ 1006 1004 600.

+1006  200. 8aa. 1000.

s

s EQUIPMENT SECTION

s

coMMZ 546 a4 3500.

+544  20611. 10500. 28777.

$ .

$  SOLAR PANELS

s

coNM2 548 8 81.91

+548  270.0

corM2 550 50 163.82

+550  540.0

CONM2 552 52 73.82

+552  270.0

CONM2 553 53 73.82

+553  270.0

coNM2 557 57 81.91

+555  540.0

coNM2 555 55 163.82

+557  270.0

)

s ADDITIONAL NON-STRUCTURAL MASS AT MIRROR SUPPORTS

s

coMMz 501 27 69.5

conMz 502 28 6.74

conNMz 503 29 69.5

coHM2 504 30 6.7%

ceNM2 505 32 6.7

conMz 506 33 6.74

CONM2 507 3% 69.5

CONM2 508 35 69.5

CONM2 509 9 67.4

coxM2 510 10 67.4

coNMZ 511 1 67.4

conmz 512 12 67.4

s

$ BEAM SECTION PROPERTIES

s

$FBAR PROPS MATS AREA

$XXXXXKX 122 J

s

PBAR® 1100 0.275119€-02

» 1 0.301163E-06  0.602325E-04

PBAR® 2100 0.275119€-02

» 2 0.301163E-04  0.602325E-04

PBAR® 3100 0.971826E-02

» 3 0.885774E-04  0.177155E-03

P3AR® 4100 0.188730€-02

» 4  0.141724E-04¢  0.283447E-06

PBAR® 5100 0.503172€E-02

» 5  0.102750E-03  0.205499E-03

FBAR® 6100 0.188730E-02
54
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+100%

+544

I EXXXXXXX

.301163E-04n 1
+301163E-06» 2
.885774E-Can 3
.141724E-C4n 4
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10

1

12
13
14
15
16
17
18
19
21
22
2%
25
26
27
39
31
32
33
34
35
36
37

38

0.14172¢E~04
7100

0.102750E-03
100

0.566895E~04
910

0.885774E~04
10100
0.301163E-04
11100
0.301163E-04
12160
0.354309€~0%
13100
0.354309€-05
14100
8.354309E-05
15100
0.354309E-05
16100
0.354309E-05
17100
0.354309E-05
18100
0.336594E-04
19100
0.336594E-04
21100
0.177155E-04
22100
0.177155E-04
24100
0.3365%E-04
25100
0.336594E-09
26100
0.657686E-04
27100
0.602326E~04
30100
0.301143E-04
32100
0.301163E-04
32100
8.493248E-04
33100
0.197085E-04
34100
0.363167E-04
35100
9.197085E-04
36100
0.363167E-04
37100
0.566895E-04
33100
0.566895E-04

0.283%47E-04
0.205499€-03
0.113375E-03
0.177155€-03
0.602325E-04
0.602325E-04
0.708619€-05
0.708619E-05
0.708619E-05
0.708619€-05
0.708619E-05
0.708619E-05
0.673188E-04
0.673188E~04
0.354309€-04
0.354309E-04
0.673188E-04
0.673188E-04
0.131537€-03
0.120465E-03
0.602325E-04
0.602325€-04
0.996495E-04
0.394169€-04
0.726334E-04
0.394169E-04
0.726334E-0%
0.113379€-03

0.113379€-03

55

0.5081728-02
0.377461€£-02
0.471826E-02
0.275119E-02
0.275116€E-02
0.943651E-03
0.9643651E~03
0.943651E~03
0.943651E-03
0.903651E-03
0.963651E-03
0.290853€-02
9.290853€E-02
0.211007€-02
0.211007E-02
0.290853E-02
¢.290853E-02
0.406565E-02
0.389078E-02
0.275119€-02
0.275119€E-02
0.353869E-02
0.222560E-02
0.302116E~02
0.222560€~02
0.302116E-02
0.377461€-02

6.377461E-02

0.102750E~03%
0.5668F5E~04#
0.885774E-04%*
0.301163E-04%
0.301163E-04%
0.354309E-05%
0.354309€E-05%
0.354309E-05%
0.354309E-05%
0.354399E-05%
0.3543095-05%
0.336594E-04%
0.336594E~04%
0.177155E-04*
0.177155E-04»
0.336594E~04
0.335574E~04%
0.657686E~04%
0.602326E~04%
0.301163E-00%
0.301163E~-04%
0.4982¢EE-04¥*
0.197C85E-C4¥*
0.363167E-04*
0.197085E~-04%
0.363157E-04%*
0.566895E-04%

0.566895E-04%
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12
13
14
15
16
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26
27
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32
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35
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FE AR

FBAR®
PBAR%
FBAR*
PBAR®
PBAR®
PBARN®
PBAR»*
PSAR%
*

PBARN
PBARM
PBAR
PBAR%®
»

FBAR®
PBAR»
»

PBARM
PBAR»
*

FBARM®
PBARN
*

PBARM
PBARN
»

FBAR*
PBAR®
»

PBARM
»

PBAR»
PBAR%
»

PBAR*

PBAR»®
*

PBAR

39
40
a1
a2
o3
44
as
a6
47
54
55
56
57
58
59
60
61
63
64
65
66
67
63
69
70
7
72

73

39100
0.498248E-C4
40100
0.301163E-0¢
41100
0.301163E-0¢
42100
0.177155E-04%
43100
0.177155E-04
44100
0.566895E-04
45100
0.566895E-04
46100
0.177155E-04
47100
0.177155E-04
54100
0.885772E-05
55100
0.885772€-05
56100
0.318878E-04
57100
0.318873E-04
58100
0.885772E-05
59100
0.885772E-05
60100
0.566895E-04
61100
0.835774E-04
63100
0.354309€-05
64100
0.354309E-05
65100
0.354309E-05
66100
0.354309€-05
67100
0.602326E-04
68100
0.354310E-04
65100
0.602326E-04
70100
0.354310E-04
71100
0.318878E-04
72100
0.566895E~04
73100
0.318878E-0%
74100

0.996495E-04
0.602325E-04
0.602325E-04
0.354309E-04
0.354309E-04
0.113379E-03
0.113379E-03
0.3546309E-04
0.354309E~-04
0.177154E-04
'0.177154E-04
0.637757E-04
0.637757E-04
0.177154€-04
0.177154E-04
0.113379€-03
0.177155E-03
0.708619E~05
0.708619E~05
0.708619€~05
0.708619E-05
0.120465E~03
0.708619E-04
0.120465€-03
0.708619E-04
0.637757€-04
0.113379E-03

0.637757E-06

0.353869€-~02
0.275119€-C2
0.275119€-02
0.211007E~02
0.211007E-02
0.3776461E-02
0.377461E-02
0.211007€-02
0.211007E-02
0.149204E-02
0.149204E-02
0.283095€E-02
0.283095E-02
0.149204E-02
0.149204E-02
0.377461E-02
0.471826E-02
0.943651E-03
0.943651E-03
0.943651E-03
0.943651E-03
0.389078E-02
0.298409€-02
0.389078E-02
0.298409E-02
0.283095E-02
0.377461E-02
0.283095E-02

0.377461E-02

0.493248E-04n
0.301163E-04»
0.301163E-04%
0.177155E-0%x»
0.177155E-04%
0.566895E-04%
0.566895E-04%
0.177155E-04#
0.177155E-04*
0.885772E-05%
0.885772E-05%
0.318878E-04n
0.318878E-04%
0.835772E-05#%
0.885772E-05%
0.566895E-04%
0.855774E-04#
0.35430GE-05%
0.354309E-05%
0.354309E-05%
0.354309E-05%
0.602325E-04%
0.35431CE-06%
0.602326E-04%
0.354310E-04»
0.318878E-064%
0.566895E-04"
0.31837EE-04%

0.566855E-Q4n

39
40
@l
42
@3
4%
“5
46
47
54
55
56
57
58
59
60
61
63
64
65
66
67
68

69

7
7R
73




2ZARN
FBAR®
*
FBARS
*
PBARN
*
PBARR
PBAR%
PBARN
*
PBAR®
*
PBARN
»
PBAR*
*
PBAR
*
PBAR®
PBARW
»
FBAR®
*
PBAR®
»
PBARN
PBARN
PBAR®
»
PBARN
»
PBARM
PBARX
*
PBARM
PBAR®
»
FBARN
»
PBAR®
PBAR*
L]
PRARN

PRAR®
]

74
75
76
77
78
79
a0
8l
82
83
84
85
86
87
88
89
90
91
92
93
9
95
9%
97
98
99

100
101
102

0.566395E-04
75100
0.835774E-04%
76190
0.894631E-04
77100
0.114265E-03
78100
0.854631E-04
79100
0.160325E-03
80100
0.894631E~04
81160
0.8%4631E~0%
82100
0.160325€E~03
83100
0.894631E~04
84100
0.114265E-03
85100
0.894631E-04
86100
0.110722E-03
87100
0.894631E-04
88100
0.100092E-03
89100
0.894631E-0¢
90100
0.131980E-03
91100
0.894631E-04
92100
0.103636E-03
93100
0.894631E-04
94100
0.131980E-03
95100
0.8%4631E-04
96100
0.100092€-03
97100
0.894631E-04
98100
0.103636E-03
99100
0.120465E-03
100100
0.120465E-03
101100
0.120465€-03
102100
0.120465E~03

0.113375E-03

0.177155E-03
0.178926€-03
0.228529€-03
0.178926E-03
0.320650E-03
0.178926E-03
0.178926E-03
0.320650€E-03
0.178926E-03
0.228529E-03
0.178926E-03
0.221444£-03
0.178926E-03
0.200185E-03
0.178926E-03
0.263960E-03
0.178926E-03
0.207271€-03
0.178926E-03
0.263960€E-03
0.178926E-03
0.200185E~03
0.178926€-03
0.207271E-03
0.240930E-03
0.240930E-03
0.240930€-03

0.240930E-03

57

0.471826E-02
0.4764179E-02
0.535890E-02
0.474179€-02
0.634776E-02
0.474179€-02
0.474179E-02
0.634776E-02
0.474179€-02
0.535890E-02
0.474179€~02
0.527517€~02
0.474179E-02
0.§01557€-02
0.474179€-02
0.575936€-02
0.474179E-02
0.510358E-02
0.474179E-02
0.575936E-02
0.474179E-02
0.501557E-02
0.474179E-02
0.510358€-02
0.550238E-02
0.550238E~02
0.550238E-02
0.550218E-02

0.885774E~04n
0.8964631E-04%
0.114265E-03%
0.894631E-0C4%
0.160325E-03%
0.894631E-C4»
0.894631E-06"
0.160325E-03%
0.834631E-04%
0.114245E-03%
0.894631E-04%
0.110722€-03%
0.89G631E-D4%
0.100092E-03%
0.854631E-04%
0.131980E-03#
0.854631E-04
D.103636E-03%
0.894631E-04%
0.131980E-03#
0.894631E-04%
0.100092E-~03%
0.894631E~04
0.1036346E~03%
0.120465E-03%
0.120465E-03%
0.120455E-03%

0.120465E-03»

78
79
80
81
82
83
84
8%
86
a7
88
89
90
91
92
93
94
95
96
97
%3
99
100

101




i
t

T2AR

* 111
PBARW
PSAR»
* 113
PBAR%
PBAR»®
PBAR®
PBAR*
PBAR%
L] 119
PBAR*
PSAR¥*
PDAR»

* 122
PBAR»

* 123
PBARM

* 124
P3AR*®
PBAR»
PBAR#*

» 127
PBAR»
PBARM
PBARN
PBARN
PBAR*
PBAR*
PBARN
PBAR»
»
PBARN
PBAR*
PEAR™
PBAR®

PBAR

111100
0.894631E-04
112100
0.434029E-04
113100
0.100092E-03
114100
0.434029E-04
115100
0.894631E-04%
117100
0.894631E-04
118100
0.434029E-04
119100
0.100092E-03
120100
0.434029E-04
121100
0.894631E-04
122100
0.566895E-04
123100
0.469460E-04%
124100
0.469460E-04
125100
0.469460E-04
126100
0.4654%60E-04
127100
0.124008E-04
128100
0.124008E-04
129100
0.124008E-0%
130100
0.124008E-04
181100
0.110722E-03
182100
0.675402E-04
183100
0.232515E-04
186100
0.675402E-04
187100
0.232515€-04
201100
0.566895E-04
202100
0.533679E-04
203100
0.907917E-05
204100
0.53367%E-C4
205100

0.178926E-03
0.86805%E-04
0.200185€E-03
0.868059E-04
0.178926E-03
0.178926E-03
0.868059€E-04
0.200185E-03
0.868059E-04
0.178926E-03
0.113379E-03
0.938920E-04
0.938920E-04
0.933920E-04
0.938920E-04
0.248016E-04
0.248016E-04
0.248016E-04
0.248016E-04
0.221444E-03
0.135080E-03
0.465031E~04
0.135080E-03
0.465031E~04
0.113379E~03
0.106736E-03
0.181583E-04
0.106736E-03

58

0.474179€E-02
0.330278E-02
0.501557E-02
0.330278E-02
0.474179€-02
0.474179€-02
0.330278€-02
0.501557€-02
0.330278E-02
0.474179€-02
0.377461E-02
0.343494E-02
0.343494E-02
0.343494E-02
0.343494E-02
0.176541E-02
0.176541E-02
0.176541E-02
0.176541E-02
0.527517€-02
0.412004E-02
0.201739E-02
0.412004E-02
0.241739€-02
0.377461E-02
0.366236E-02
0.151058£-02
0.366236E-02

0.151058E-02

0.894631E-04#
0.434029E-0Q4%*
0.100092E-03%
0.434029E-04%
0.894631E-Ca
0.89%4631E-04%
0.43G029E-064%
0.100092E~03%
0.43G029E-Co*
0.8G3631E-Cax
0.566895E-04%
0.459460E~04%
0.469460E-04»
0.469660E-04*
0.469460E-04%
0.124008E-04#
0.124003E-04*
0.124008E-04x»
0.124008E-04%
0.110722E~03=
0.675402E-04»
0.2325155-04%
0.675402E-Cq¥
0.232515E-04%
0.566895E~04n
0.533679E-~04%
0.907917E-05+
0.533679E-~06%

0.907917E~0Q5%

11
112
113
114
115
117
118

119

121
122
123
124
125
126
127
128
129
130
181
182
183

185




L 208 0.907917E-05 0.181583E-C4%

PIARN 297100 0.395462E-02
* 207 0.622256E-04 0.124451E-03

E3ARW 232100 0.117957€-02
. 232 0.553610€-05 0.110722€-04

PBAR® 239100 0.117957E-02
* 239 0.553610E-05 0.110722E-04

P3AR® 62300 0.0060821

L] 62 0.0015205 0.0030410 15.69

PBAR® 116300 0.0060821

» 116 0.0Q15205 0.0030410 15.69

PBAR® 184300 0.0060821

* 184 0.0015205 0.0030410 15.69

FBAR® 185300 0.0060821

* 185 0.0015205 0.0030410 15.69

PBAR® 131200 1.257¢-3
- 13 3.142€-4 6.285E-4 3.82
PBAR% 132200 1.257€-3
* 132 3.142€E-4 6.285E-4 3.82
PBAR* 133200 1.257€-3
» 133 3.142E-4 6.285E-4 3.82
PBAR® 134200 1.257€-3
L4 134 3.142€~4 6.285E-4 3.82
PBAR® 135200 1.257€-3
L] 135 3.142€~4 6.285E-4 3.82
PBARN 136200 1.257€-3
* 136 3.142E-4 6.285E-4 3.82
PBARN 137200 1.257€-3
» 137 3.142E-4 6,285E-% 3.82
PRAR 138200 1.257E-3
* 138 3.142E-4 6.285E-4 3.82
PBAR® 139200 1.257€-3
» 139 3.142€-4 6.285E-4 3.82
PBAR 140200 1.257E-3
» 140 3.142E-% 6.285E~4 3.82

$

$

$

$ MULTI-POINT CONSTRAINT FOR X-AXIS LOS ERROR (NCDE
$

MPC* 100 100 1
#1000000 34 2 -0.01855287570
#1000001 34 3
#1000002 35 2 -0.0185528757
#10095003 38 3
#1000004 2830 3 0.285714288572
#1000005 30 3
%#1000006 27 2  0.08065681999%
#1000007 7 3
#1000003 29 2 0.08065681999
#1000009 29 3
#1000010 3233 3 0.70978001590
#100C011 33 3
»1000012 1002 4 ~3.484230C5566
%#1000013 11 2
#1000014 9 ' 2 -0.06210394429
$

59

0.622256E~0%# 207
0.55361CE~05% 232
6.55361CE~05% 239
0.0015205  * 62
0.0015205  # 116
0.0015205 # 184
0.0015205 = 185
3.142E-4 131
3.1G2E-4H 132
3.142E-4% 133
3.142E-4¥% 134
3.142E-4% 135
3.142E-4% 136
3.142E-G% 137
3.142E-4* 138
3.162E-4# 139

3.162E-4% 140

100 DOF 1)
~1.0%1000000
#1000001
-0.14285714286#102CC02
*#1000003
~0.1%2857142€5#152C0C%
#10020C035
9.0 #1000025
#10C0C07
-0.35489000795%1C202C38
#1000C09
-0.35489000795%1020010
#1C2o21l
8.0 #103CC12
%1020013

-0.06210394425+10C3014




$ MULTI-POINT CONSTRAINT FCR Y~AXIS LOS ERROR (NCDE
$

MPCH 120 100 2
#2000000 34 1 =-0.03710575139
%#2000001 34 2
¥2000002 34 3 -0.2500000000
#2000003 35 2
#2000004 35 3 0.2500000000
*#2000005 ' 27 1
#2000006 27 2 -0.06049261499
#2000037 27 3
#2000008 29 2 0.06049261499
*#2000009 29 3
#2000010 1002 5  3.48423005566
#2000011 11 1
#2000012 11 2 -0.07762993037
#2000013 9 2
#200001¢

$

$ MULTI-POINT CONSTRAINT EQUATION FOR DEFOCUS (NODE
$

MPCH* 100 100 3
%3000000 34 3 -0.01912393776
*#3500001 35 3
*#3000002 2830 3 0.12749291836
%#30000C3 30 3
#3000004 27 3 0.77803217347
#3000005 29 3
%3000006 3233 3 -0.66681930408
*#3000007 1002 3
#3000008 9 3  0.50000000000
%¥3000009 11 3
#3500010 40 3 ~-2.00000000000
$

$ RIGID BODY SUPPORT

$

SUPORT,44,123456

ENDOATA

senwnun® END OF MEMBER REVO?

60

665 RECORDS eadtitsinn

100 OOF 2)

-1.0%22C2000
*2009001
-0.04638218924%20000C2
2000003
0.04638218524%2000004
%206000C5
0.16131363998%2020006
#2000007
-0.62105751391520€0008
%20000C9
0.62105751391%2000010
*2200011
-0.1242075585542200012
*2000013
0.07762993037%2000014

100 DOF 3}

-1.0%3000000

#300C001
-0.01512393776#3000082
#3000003

0.0 #3000C%4
#3000005
0.7780321734743000006
*#30C0007
=0.17849005,71#3C00008
#3000009
0.50000000900%3000010
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MISSION
of
Rome Avr Development Center

RADC plans and executes nesearch, development, test and
selected acquisition proghams in suppont o Command, Control
Communications and Intelligence {C31) activities. Technical
and engineening suppornt within areas 0f technical competence '
48 provided to ESD Program Offices (POs) and other ESD ¥
elements. The principal technical mission areas are %
communications, electromagnetic guidance and control, sur- 0.
velllance of ground and aerospace obfects, intelligence data ¢
collection and handling, infornmation system technology,
Lonospheric propagation, solid state sciences, microwave
physics and electronic reliability, maintainability and
compatibility.
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